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MESSAGE 

FROM  THB 

PRESIDENT  OF  THE  UNITED  STATES, 

TRANSMITTING 

Ute  report  of  the  Board  for  Testing  Metals. 


June  15,  1878.— Ordered  to  be  printed. 


To  the  House  of  Representatives : 

I  have  the  honor  to  transmit  herewith  the  rei)ort  of  the  Board  for 
Testing  Iron,  Steel,  and  Other  Metals,  as  requested  in  the  resolution  of 
the  House  of  Eepresentatives  dated  April  27, 1878. 

K.  B.  HAYES. 

Executive  Mansion,  June  15, 1878. 


Ill 


HEPORT. 


I. 


United  States  Board  fob  Testing  Iron,  Steel,  &r., 

Watertmvn  Arsen4il^  Mass.^  June  8,  1878. 

Sm :  I  have  the  honor  to  report  that  the  Board  for  Testing  Iron,  Steel, 
and  Other  Metals,  api)ointed  by  the  President  of  the  United  States  in 
his  order  dat.ed  Executive  Mansion,  March  25,  1875,  in  aex'onlance  with 
the  provisions  of  the  fourth  section  of  the  act  entitled  "An  act  making 
appropriations  for  sundry  ciN'il  expenses  of  the  government  for  the  fisciil 
year  ending  June  30,  1876,  and  for  other  pun>oses,"  approved  March  3, 
1875,  met  at  Watertown  arsenal,  Mass.,  on  the  loth  of  April,  1875. 

There  were  present  Lieut.  Col.  T.  T.  S.  Laidley,  Ordnance  Department, 
U.  S.  A.,  president  of  the  Board ;  Commander  L.  A.  Beardslee,  U.  S.  N. ; 
Lieut.  Col.  Q.  A.  Gillmore,  Engineer  Department,  U.  S.  A. ;  David  Smith, 
chief  engineer,  U.  S.  N.;  W.  Sooy  Smith,  ci\il  engineer  j  A.  L.  Ilolley, 
civil  engineer;  R.  H.  Thurston,  civil  engineer. 

The  instructions  of  the  Board  prescribed  their  duties,  which  were  to 
*' determine,  by  actual  test«,  the  strength  and  value  of  all  kinds  of  iron, 
steel,  and  other  metals  which  may  be  submitted  to  them,  or  by  them 
procured,  and  to  prepare  tables  which  will  exhibit  the  strength  and  value 
of  said  materials  tor  construction  and  mechanical  purposes,  and  to  pro- 
vide for  the  building  of  a  suitable  machine  for  e-stablishing  such  tests, 
the  machine  to  be  set  up  and  maintained  at  the  Watertown  arsenal." 

The  Boan?  pit)ceeded  to  organize  committees  which  wei-e  charged  with 
the  prosecution  of  such  work  as  could  be  carrii*d  on  with  the  means  at 
the  command  of  the  Boanl,  and  with  such  machines  as  could  be  made 
available  for  the  purposes  during  tlie  thne  that  the  large  testing-machine 
should  be  in  process  of  (*onstruction. 

To  these  committees  was  severally  referred  the  consideration  of  the 
following  subjects : 

Abratnon  arid  icear. — To  examine  and  report  upon  the  abrasion  and 
wear  of  railway  wheels,  axles,  rails,  and  other  materials  imder  the  con- 
ditions of  actual  use. 

Armor-plate. — ^To  make  tests  of  armor-plate;  to  collect  data  derived 
from  exj)eriments  already  made  to  determine  the  characteristics  of  metal 
Kuitable  for  such  use. 

Chemical  research. — To  plan  and  conduct  investigations  of  the  mutual 
n?lations  of  the  chemical  and  mechanical  properties  of  metals. 

Chaim  and  icire  ropes. — To  deteimine  the  character  of  iron  best  adapted 
for  chain-cables;  the  best  form  and  proportions  of  link,  find  the  qualities 
of  metal  used  in  the  manufacture  of  iron  and  steel  wire  rope. 

Corro»i4m  of  metals. — ^To  investigate  the  subject  of  the  corrosion  of 
metals  under  the  conditions  of  actual  use. 

The  effects  of  temperature. — To  investigate  the  effects  of  variations  of 
temperature  upon  the  strength  and  other  qualities  of  iron,  steel,  and  other 
metals. 

Girders  and  columns. — ^To  arrange  and  conduct  experiments  to  deter- 
mine the  laws  of  resistance  of  beams,  girders,  and  columns  to  change  of 
form  and  to  fraeture. 
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JroM,  malleahle, — To  examine  and  report  upon  the  mechanical  and 
X)hysical  i)roperties  of  wrought  iron. 

Jro?i,  ca^t, — To  consider  and  report.  ui)on  the  mec^ianical  and  physical 
l)roperties  of  east  iron. 

Metallic  alloys, — To  assume  charge  of  a  series  of  experiments  on  the 
characteristics  of  alloys  and  an  investigation  of  the  laws  of  combination. 

Orthogonal  mnultnneou^  strahis, — To  plan  and  conduct  a  series  of  ex- 
peririients  on  simultaneous  orthogonal  strains,  with  a  view  to  the  deter- 
mination of  laws  governing  the  same. 

Fhysical  phenomena. — To  make  a  special  investigation  of  the  physical 
phenomena  accompanying  the  distortion  and  nijiture  of  metals. 

Reheating  and  reroUing. — To  observe  an<l  to  exi)eriment  upon  the  effects 
of  reheating,  rerolling,  or  otherwise  reworking;  of  hammering,  as  com- 
pared with  rolling,  and  of  annealing  the  metals. 

Steels  produced  by  modern  processes, — To  investigate  the  constitution 
and  characteristics  of  steels  made  by  the  Bessemer,  open-hearth,  and 
other  modem  methods. 

ISf eels  for  tools. — To  determine  the  constitution  and  characteristics  and 
the  special  adaptations  of  steels  used  for  tools. 

Proposals  were  invited  for  the  construction  of  a  testing-machine  capa- 
ble of  exerting  and  measiuing  a  strain  of  tension  and  con^iiression  of 
800,000  pounds,  and  on  the  IDth  of  June,  1875,  a  conti^act  was  made  with 
Mr.  A.  H.  Emerj',  of  New  York  City,  for  the  constniction  of  such  a  ma- 
chine, to  be  completed  in  five  months  from  the  date  of  signing. 

Owing  to  unexpected  difficulties,  common  in  the  develoi)ment  of  new 
and  untried  constructions,  the  contractor,  without  any  fault  or  negligence 
on  his  part,  so  far  as  known  to  the  Boanl,  has  failed  as  yet  to  bring  his 
work  to  a  satisfactoi'j'  conclusion.  The  foundation  of  the  machine  ha^ 
been  laid  in  a  manner  to  meet  the  heavy  strain  tliat  will  be  brought 
upon  it  at  the  moment  of  niptiu*e  of  lai'ge  specimens;  the  track  has  been 
laid,  and  portions  of  the  straining-aiipamtus  and  the  pumi)  have  been 
erected  at  this  arsenal.  The  contra<?tor  found  in  the  course  of  numerous 
tests  with  the  gauges  for  the  machine  that  he  could  improve  them,  and 
they  have  all  been  reconstructed  and  thoix)ughly  tested,  and  are  now 
highly  satisfactory  in  their  constniction  and  action.  In  testing  the  large 
scale  several  changes  were  found  desirable,  and  a  very  considerable  por- 
tion has  been  made  over,  embracing  all  the  desired  changes,  and  it  is 
now  being  thoroughly  tested  preparatory  to  its  final  rating  and  adjust- 
ment. The«e  alterations  and  tests  have  consumed  much  more  time  than 
w-a«  expected,  but  the  contractor  now  hopes  to  have  the  tests  completed 
and  the  whole  machine  in  operation  during  the  present  month. 

The  Board  has  estabhshed  in  one  of  the  buildings  at  this  arsenal  a 
chemical  laboratory,  which  has  been  fitted  up  and  ^irnished  under  the 
direction  of  Mr.  Andrew  A.  Blair,  of  Saint  Louis,  who  has  been  appointed 
chemist  to  the  Board.  It  is  complete  in  all  its  appointments,  and  pro- 
vided with  every  convenience  for  facihtating  the  kind  of  work  for  which 
it  was  intended.  Mr.  Blair  has  analyzed  213  steels  and  irons  and  249 
alloys,  the  physical  properties  of  which  have  been  tested.  The  Board  has 
every  reason  to  congratulate  itself  on  securing  the  services  of  so  able  a 
iliemist.  Mr.  Blair  has  worked,  I  can  say,  with  untiring  industry  and 
thorough  conscientiousness,  exjualed  only  by  his  eminent  skill. 

The  confidence  to  be  pla<5ed  in  the  results  obtained  by  analysis  de- 
l)end8  much  upon  the  methods  which  have  been  employed.  K  the 
method  be  defective,  no  manipulation,  how^ever  skillful,  can  produce  re- 
liable results.  In  order  that  it  may  be  seen  what  methods  have  been 
used,  and  their  accuracy  thoroughly  tested,  if  desired,  Mr.  Blair  has 
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^aven  in  his  report,  which  is  forwarded  herewith,  a  ^h^seription  of  all  the 
metho<l8  iise<l  by  him,  some  of  which  ai*e  okl  and  well  known,  and  others 
are  of  his  owti  devisinfi^.  Some  of  the  latter  which  have  lH»come  known 
have  received  favorable  commendation,  an<l  it  is  iK^lievcnl  that  his  rej)ort 
will  Ih?  a  valuable  contiibution  to  this  branch  of  scientific*  investigation. 
In  the  sehH'tion  of  metluKls  he  has  chosen  those  which  insure  accunite 
ivsults  rather  than  economv  of  labor. 

The  committee  on  metallic*  aUoys  has  made  a  thorough  investi^raticm 
of  the  strenffth  and  other  i)roiKn'ti(»s  of  bronzes,  brasses,  and  the  triple 
alloys  of  copper,  tin,  and  zinc  in  castinj^s  of  small  size.  The  ex})eriments 
were  made,  under  the  direction  of  Prof.  li.  II.  Thurstcm,  chairman,  in  the 
niei4ianical  laboratory  of  the  Stevens  Institute  of  Technology,  the  Board 
paying  the  customary  charjres  fOr  the  use  of  machines,  tools,  &c. 

The  metals  were  first  weighed  out  carefully  in  given  pro])ortions,  and 
cast  in  bars  28  inches  long  and  1  inch  sciuare  in  cross-section.  They 
were  cast,  some  in  sand  and  others  in  an  iron  mold,  in  the  oixlinary 
way,  without  the  use  of  special  flux(\s,  and  the  temi)eratur(\s  taken  at  the 
time  of  casting.  Samjdes  of  each  alloy  wen?  brokcMi  by  t^'iision  and  by 
transverse  strain,  and  other  sam])lcs  were  subje<*ted  to  compressicm  and 
toi-sion.  Their  strength,  elasticity,  ductility,  resilience,  and  homogeneity 
were  recorded  and  gi*aphically  rei)resent(»d,  specimens  of  each  weie  an- 
alyzed by  the  chemist,  and  a  comparison  was  thus  instituted  between 
the  pi"oportions  weighwl  out  and  the  coini>osition  found  to  exist  in  the 
bar,  exhibiting  the  h)ss  of  the  several  constituents  produced  by  melting 
and  casting. 

Tlie  i-eport  on  bronzes  has  been  completed,  and  is  herewith  transmitted ; 
that  on  bi*a»<48es  and  tiiple  alloys  is  well  advanced  towaiil  comi)letion  ; 
it  is  not  yet  in  a  condition  to  be  Ibrwarded,  but  will  l>e  in  the  course  of 
a  short  time. 

The  result  of  all  of  this  work,  so  far  as  the  tensile  strength  of  all  the 
possible  alloys  that  can  l)e  made  from  any  two  or  all  three  of  these 
metals,  is  shown  at  a  glance  by  a  model  ingeniously^  devised  by  Professor 
Thurston,  a  nmp  of  which  is  herewith  trauvsmitted,  nmrked  '*  Plate  I." 

An  e<iuilateral  triangle  of  10  inches  length  of  side  divided  into  one 
hnndre<l  equal  parts  was  taken.  At  each  angle  was  erected  a  vertical 
onliuate,  representing  in  length  the  tensile  strength  of  coi>per,  tin,  and 
zinc,  respectively,  on  a  scale  of  20,000  iK>unds  per  scpmre  inch  for  ea<5h 
inch  of  length  of  ordinate ;  the  ordinates  were  i)iece8  of  brass  wire  fast- 
ened securely  to  the  plate.  At  a  distance  of  1  inch  from  the  angle  re])- 
resenting  copi)er,  an  ordinate  w^as  erected  representing  the  tensile 
sti-ength  of  the  gun-bronze  composed  of  90  parts  of  copi>er  and  10  of  tin. 
Ill  the  same  way  onlinates  were  erected  at  other  points,  rei)resentiiig  the 
other  alloys  according  to  their  several  proportions,  and  by  the  respective 
lengths  of  ordhiate  the  strength  of  the  paiticular  alloy  designated.  The 
same  was  done  with  the  various  brasses  that  were  tested,  and  also  with; 
the  triple  alloys  of  coi)per,  tin,  and  zinc,  106  jwints  being  thus  detei^ 
uined.  A  triangular  l>ox  was  forme<l,  in  which  plaster  of  Paris  was. 
K>urecl  until  it  covered  the  tops  of  all  the  ordinates.  The  i)laster  was. 
ihen  removed  until  the  top  i>oints  of  the  different  onlinates  were  just 
nsible,  and  the  model  was  comi)lete. 

By  intersecting  this  mo<lel  by  horizontal  i>lanes  one-tenth  of  an  inc^h- 
part  we  obtain  the  contour-lines  shown  in  the  ma]>,  which  f>ives  the 
ensile  strength  of  all  the  different  alloys  to  within  2,500  jmunds  of  their 
me  strength. 

Appended  to  the  rei>ort  is  a  ])aper  collated  by  Professor  Tlnnston,, 
mbodying  the  most  important  fa<'ts  i)reviously  determined  in  regjiad.  to» 
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the  copper-till  alloys,  and  also  p^raphical  recoixls  of  tliejr  conductivity  for 
he^t  and  electricity,  their  specific  gravity,  and  other  i>roi)erties,  as  deter- 
mined by  previous  experimenters.  This  irdper  also  contains  the  com- 
plete bibliogi^aphy  of  the  subject  of  bronzes,  now  for  the  lii'st  time  col- 
lected and  x)iit  into  a  compact  form. 

5 1  The  committees  on  chain-cables,  malleable  iron,  and  reroUing  iron  have 
made  an  extended  series  of  exi)eriments  at  the  Washington  navy-yard, 
under  the  immediate  direction  of  Commander  L.  A.  Beardslee,  chairman, 
who  has  performed  his  part  with  conspicuous  intelligence  and  fidehty, 
and  have  embodied  the  resiUts  in  a  comi)rehensive  and  most  valuable 
report,  forwarded  herewith.  Wix)ught  iix)n,  for  chains,  of  many  difterent 
brands — most  of  wliich  of  well  known  and  high  rejiute — varying  in  size 
from  1  inch  to  2  inches  in  diameter,  was  tested,  both  in  the  shape  of 
bars  and  short  chains.  More  than  two  thousand  tests  were  made  of  the 
tensile  8tren?:th,  and  the  results  have  be«n  carefully  tabulated,  giving 
the  elastic  limit,  elongation,  and  reduction  of  area  of  each  specimen. 

In  these  experiments  it  was  sought  to  determine  by  tests  of  bar-ii-on 
what  kind  of  iron  was  best  adapted  to  make  chain-cable,  what  were  the 
best  form  and  i)ro])ortion  of  link,  and  to  ascertain,  if  possible,  the  rela- 
tion between  the  chemical  composition  and  ])hysical  properties  of  the 
specimens.  As  chains  are  often  sid)jected  to  great  and  sudden  strains, 
the  tests  of  the  iron  ^yeve  made  by  impact  as  well  as  by  tension  slowly 
api)lied. 

By  the  kindness  of  the  Xavy  Department,  the  fa(dlities  of  the  Wash- 
ington navy-yanl,  which  included  the  use  of  two  testing-machines,  one 
of  a  capacity  of  3()(>,0(K)  i)ounds,  were  placed  at  the  disjmsal  of  the  com- 
mittee, and  the  record  of  an  extensive  series  of  exi)eriments  made  for  a 
similar  i)uri)ose  was  thrown  open  to  them. 

The  report  contains  in  detail  the  results  of  luimerous  experiments, 
which  establish  conclusively  i)oints  about  whi(!h  ditference  of  oi)inion  has 
heretofore  exist(Ml,  confirms  tlu^  correctness  of  certain  positions,  and  in 
some  cases  directly  (H)nti-adicts  what  has  been^  regarded  by  eminent 
authonties  as  w(»ll-established  facts.  It  shows  that  the  nu)st  imi)ortant 
€hara<*teristic  which  a  good  chain-cable  iron  should  possess  is  tlie  prop- 
erty of  making  nnitbrmly  a  i)erfect  weld.  The  jnesence  of  any  impurity 
in  sufficient  ([uantity  to  affect  it  injuriously  in  this  particular  must  i)rove 
fatal  to  its  claim  for  favorable  consideration.  I*t  i)roves  that  the  i>rox)er 
X^lace  for  the  weld  is  at  the  end,  and  not  on  the  side,  and  that  in  all  cases 
where  studded  links  are  not  absolutely  required  they  should  be  itarefully 
avoided,  for  the  reason  that  the  studs  are  found,  contrary  to  the  usually 
received  opinion,  to  diminish  materially  the  strength  of  the  chain. 

The  practice  which  obtains  in  most  of  the  prominent  chain-fa(»tories  in 
this  country,  of  proving  the  finished  cliain  by  the  tension  i>rescribed  by 
the  standaitl  i)roof-table  of  the  British  Admiralty,  is  shown  to  be  faulty 
and  attended  by  consequences  in  tlie  highest  degi*ee  dangenms.  It  is 
ix*ndered  more  than  i)robabk»  that  the  use  of  this  table  in  the  proof  of 
chain-cables  has  l>een  the  direct  cause  of  the  loss  of  many  andiors,  and, 
l)ossibly,  vessels.  The  strains  ])res(?ribed  are  too  great  for  all  sizes  of 
chains,  and  notably  so  for  those  of  large  chains.  The  committee  has 
a(i<iordingly  constructed  and  inserted  in  their  repent  a  proof-table  which  is 
adai)te<l  to  cables  of  various  sizes  made  of  American  iron,  and  by  the  use 
of  this  table,  instead  of  that  pre^^ously  used,  much  risk  of  positive  injury 
to  <;al)les  by  excessive  ])r(K)f  will  l>e  removed. 

This  table,  constnicted  as  it  ha«  been  from  so  wide  a  field  of  practical 
tests,  will,  it  is  believed,  be  found  to  be  of  great  us(»  to  this  Imnuth  of 
industry,  and  Avill  soon  become  the  recognized  standard  for  pi-oving  all 
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American  chaius.  This  report  shows  that  in  the  search  for  a  proper 
chain-iron  a  very  high  tensile  strength  indicates  an  unfitness  for  this 
purpose,  for  the  reason  that  this  strength  is  usually  caused  by  the  pi'es- 
ence  of  carbon,  copper,  or  other  substance  in  quantities  which  would 
ii\jure  its  welding  properties  or  render  it  liable  to  break  under  sudden 
strains.  Many  minor  points  of  interest  in  these  mvestigations  have 
been  carefully  noted,  and  will  be  found  discussed  in  the  body  of  the 
report ;  such  as  the  proper  shape  of  the  piece  to  be  tested,  tlie  effect  of 
•^emo^ing  the  outer  skin  of  the  ii'on  upon  its  strength,  the  elevation  of 
the  elastic  limit,  the  reduction  of  area,  which  is  produced  both  by  sutl- 
den  and  steady  strains,  the  appeai-ance  of  the  fi^acture  as  pixxluced  by 
shock  or  steady  pull,  &c. 

It  has  -been  known  that  the  strength  of  ii*on  bars  is  not  in  dii^et^t  ])ro- 
portion  to  the  size,  but  it  has  been  reserved  for  Commander  Beanlslee 
to  proiK)se  a  means  by  which  bars  of  different  si^es  may  l>e  nmde  to  have 
the  same  proportional  strength.  He  has  proved  by  actual  experiment 
that  a  uniform  reduction  in  rolling,  from  the  size  of  the  pile  to  the  fin- 
ished bar,  will  produce  a  uniform  strength  of  bar:  but  the  additional 
cost  of  manufactm^  in  large  bars  will  be  very  considerable. 

Tins  report  shows  clearly  in  what  direction  we  must  work  for  the 
improvement  of  manufacture  of  chain-cables :  First,  the  means  for  dis- 
pensing with  the  studded  link,  and,  second,  an  improved  methoil  of 
welding,  in  a  non-oxidizmg  iiauie  where  the  intensity  of  the  heat  can  be 
easily  regulate<l. 

All  the  different  irons  tested  in  these  experiments  were  carefully  ana- 
l3*ze<l  by  the  chemist  of  the  Board;  and  an  able  paper  by  Mr.  Holley,  dis- 
cussing the  connection  between  the  chemical  composition  of  the  iron 
and  it<5  physical  proi>erties,  accompanies  the  rex)ort,  and  gives  additional 
value  and  completeness  to  it. 

The  (5ommittee  on  steel  for  tools  has  ma<le  a  series  of  exi)eriineiits  at 
the  Washington  navy -yard,  with  a  view  of  deterniiniug  by  actual  tests 
the  constitution  and  characteristic  qualities  of  steels  for  various  puri)osi's 
for  which  they  are  required  as  tools,  ami  their  sjjecial  adai)tation  for  the 
work  of  turning,  planing,  boring,  slotting,  and  I'hipping.  The  exi>eri- 
ments  were  made  under  the  immediati*  direction  of  Chief  Engineer 
David  Smith,  U.  S.  N.,  chairman,  who  has  carefully  noted  everything 
that  could  i)ossibly  be  of  interest  in  the  working  of  the  tool.  The  Navy 
Department  gave  the  use  of  the  necessary  machines  and  facilities  for 
<loing  the  work  ft-ee  of  charge. 

8e\'enteen  different  lots  of  the  l>est  steels  to  Ih»  had  were  i>rocured  in 
i^fHiu  market,  embracing  70  separate  bai*s,  and  representing  the  pnxUu*- 
tion  of  14  different  manufacturers,  11  American  and  3  English — the 
most  celebrated  in  each  country.  Each  of  the  several  ti'sts  with  the 
tools  of  the  vaiious  steels  ^^^as  conducted  in  pre<;isely  the  same  manner 
in  every  detail,  and  the  results  obtained  and  tabulated  are  comi)arable 
with  each  other  in  every  particular ;  it  is  l)elieved  they  n»presi»nt  the 
tnie  i)ractical  value  of  each  of  the  steels  for  the  si)eciiil  purpose  for 
which  the  tool  was  used.  A  full  and  comi)lete  record  of  the  exi>eriments 
made  with  each  steel  has  been  kept;  and  all  important  facts  observed  in 
reganl  to  its  chara<',ter  and  texture,  its  treatment  in  the  making  and  use 
-of  the  tool,  and  everything  jK^i-taining  t/O  the  work  of  testing  it  that  was 
thought  could  in  any  way  aff'ect  the  results  were  carefully  noted.  Sam- 
ples of  the  same*  steels,  embracing  408  s]>ecimens,  have  been  tested  by 
tension,  toi^ion,  and  compression,  and  the  specific  gravity  of  each  bur 
cfirefully  determined. 

All  of  the  necessaiy  computations  required  in  connection  with  the  fore- 
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going  tests  have  been  completed  and  the  results  tabulated.  Thirty 
different  bars  have  been  analyzed  by  the  chemist  of  the  Boaixl,  and  all 
that  now  remains  to  be  done  is  to  discuss  and  compare  the  physical 
properties  with  the  chemical  composition  of  the  steels.  This  the  chair- 
man has  not  had  the  time  and  opportunity  to  do. 

In  oixier  that  he  might  complete  this  work  application  was  made  to 
tlie  Navy  Department  that  he  might  be  relieved  for  the  time  being  from 
other  duty.  The  request  was  not  granted,  and  no  other  member  of  the 
Board  was  available  who  was  conversant  with  the  subject  to  take  up 
the  repoit  and  finish  it. 

The  report  of  tliis  committee  when  it  shall  have  been  completed  will 
contain  a  large  amount  of  data,  and  conclusions  therefi'om,  which  it  is 
belicve<l  will  enable  the  maker  and  user  of  tool-steels  to  <listinguish  readily 
between  good  and  indifferent  steels  by  comparing  the  physical  properties 
and  chemical  constitution  of  any  given  steel,  and  to  determine  before- 
hand whether  a  steel  will  be  well  adapted  or  not  for  any  RixM»ial  puri)ose 
by  such  a  comparison.  It  also  exhibits  in  a  highly  satisfactory  manner 
the  positicm  which  American  steels  take  when  compared  witli  the  highest 
priced  and  most  celebrated  tool-steels  of  European  nuinufacture. 

The  committee  on  girders  and  columns  have  made  some  experiments 
on  the  strength  of  materials  of  diffei^ent  forms  and  i)ropoi*tions  use<l  in 
the  constructiim  of  biidges.  Owing  to  the  great  expense  attending  sucli 
experiments  the  tests  have  been  confined  princdpally  to  material  gratui- 
tously furnished  by  a  mainifacturer  of  rolled  beams  at  Buffalo,  N.  Y. 
The  results  of  these  experiments  have  not  l)een  eonununicated  to  me  by 
the  chairman  of  the  committee,  nor  have  I  received  from  him  a  ix?port 
called  for,  giving  the  status  of  the  work  under  his  charge.  . 

The  committee  on  chemic^il  reseaix'h  has  undertaken  a  series  of  experi- 
ments (m  steels,  with  a  view  of  determining,  if  i)ossible,  the  effect  of  vary- 
ing (piantities  of  some  of  the  most  common  elements  ordinarily  found  in 
steels  (m  their  mechanical  properties.  In  each  series  one  element  is  made 
to  vary  within  ^ide  limits,  while  the  others  are  kept  as  uniform  as  possi- 
ble. In  this  way  the  effect  of  different  quantities  of  carbon,  phosphorus, 
silicon,  sulphur,  &c.,  is  to  be  detennined.  This  investigation,  the  impor- 
tance of  which  has  long  been  felt,  has  never  been,  it  is  believed,  previously 
even  attempted. 

It  is  also  intended  to  determine  the  effe(!t  of  one  impurity  in  mo<lifying 
or  neutralizing  the  influence  of  another.  Considerable  work  has  already 
l)een  done  in  the  prosecution  of  these  experiments;  123  specimens  have 
been  prepared  and  tested  by  tension,  the  calculations  made  and  tabulated,^ 
and  the  curves  completely  i)lotted;  190  specimens  have  been  tested  in  the 
autographic  machine,  and  the  strain-diagrams  aiul  other  results  made 
i-eady  for  the  i^eport. 

Work  is  now  progressing  on  another  set  df  60  specimens,  after  w^hich 
an  additional  series  of  80  test-i)ieces  is  to  be  commenced,  when  a  careful 
stiuly  and  comparison  of  the  mechanical  and  pliysical  proi>erties  with  the 
chemical  analyses  will  show  the  influence  of  tire  variation  of  composition 
and  the  effect  of  one  element  ui)on  another. 

An  examination  has  been  made  of  certain  English  rifle-barrel  steel  re- 
ceived ft'om  the  National  Armory,  which  had  proved  deficient  in  strength 
and  found  to  contain  numerous  fine  seams,  unfitting  it  for  this  use.  An 
analysis  showed  that  it  contained  an  excessive  amount  of  sulphur  and 
phosphonis,  .104  per  cent,  of  the  former  and  .166  i)er  cent,  of  the  latter. 

The  statement  of  funds  received  and  expended  sinc>e  the  organization 
of  the  Board  is  given  in  Appendix  2.  The  disbursements  have  been  made 
in  accordance  with  the  ndes  and  regulations  of  the  Ordnance  Depart- 
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ment,  and  the  vouchers,  giving  the  cost  of  the  articles  purchased  and  the 
details  of  the  transactions,  with  the  receipts  for  the  money  paid,  have  been 
forwarded  to  the  Ordnance  Office. 

A  provision  was  inserted  in  the  act  of  Congress  authorizing  the  Board, 
limiting  the  amount  which  should  be  use4i  for  the  expenses  of  the  Board 
to  $15,000.  Of  this  sum  only  $2,248.79  have  been  expended  for  this  pur- 
pose. The  balance  on  hand  on  the  Ist  of  June  amounts  to  $12,193.92; 
$6y299.48  remains  to  be  paid  for  the  machine,  and  $3,700.52  for  its  trans- 
portation and  erection.  The  balance  is  due  on  contracts  made  for  mate- 
rial and  services  not  yet  rendered. 

It  wa8  not  to  be  expected  that  the  Board  shcmld  do  any  ver>'  lar«fe 
amount  of  work  before  the  completion  of  its  large  machine.  It  is,  how- 
ever, believed,  as  has  been  said  by  high  authority,  that  what  has  l>een 
accomplished  is  worth  more  to  the  government  and  the  private  industries 
of  tlie  country  than  the  whole  of  the  appropriation,  iucludinir  that  paid 
for  the  machine. 

In  a  few  weeks  more  the  Board  will  have  a  machine  more  accurate  and 
better  adapted  for  doing  work  of  all  kinds,  light  and  heavy,  than  any 
other  machine  at  present  known,  and  be  in  conditicni  to  prosecute  its 
work  to  advantage. 

The  Board  deferred  making  its  report  until  it  could  announce  tlie 
completion  of  all  work  commenced  and  the  erection  of  its  machine,  and 
regrets  that  circumstances  over  which  it  could  exeivise  no  control  prevent 
it  fit>m  reporting  this  at  the  present  time. 

C<Higress  at  its  last  session  declared  that  the  Board  should  cease  to 
exist  when  the  money  then  ai>propriated  should  have  been  expended. 
In  view  of  the  results  which  have  been  thus  far  obtained,  under  circum- 
stances unfavomble  to  the  accomplishment  of  such  a  work,  and  of  the 
fact  that  the  Board  will  soon  be  provided  with  the  best  of  facilities  for 
testing  metals,  it  may  well  be  suggested  whether  a  wise  policy,  a  just 
appreciation  of  the  advantages  to  inure  to  the  various  industries  oy  such 
action,  will  not  prompt  the  grant  of  a  further  appropriation  to  carry  on 
the  work  for  which  the  Board  was  ap]>ointed.  This  work  has  enlisted 
the  active  sympathies  of  scientific  men  of  all  classes,  and  metal-man- 
ufacturers of  the  country,  the  last  of  whom  have  not  confined  their 
interest  to  mere  expressions  of  approval,  but  have  supplemented  them 
with  donations  of  money  to  the  amount  of  $1,475,  for  the  completion  of 
some  work  on  steels,  which  was  commenced  but  could  not  be  finished  on 
ac(tonnt  of  the  failure  of  the  appropriation  by  Congress.     * 

From  what  the  undersigned  knows  of  the  wants  of  oflBcers  having 
charge  of  goveniment  constructions,  the  want  of  definite  information  on 
the  part  of  civil  engineers,  architects,  and  mechanical  engineers  through- 
out the  country-,  and  their  utter  inability  to  obtain  correct  data  on  which 
to  base  their  calculations,  for  the  want  of  which  large  sums  have  annually 
to  be  expended  in  order  that  the  errors  made  may  be  on  the  side  of  safety, 
there  is  no  x>uri)ose  for  which  an  api)ropriation  could  be  granted  which  ' 
would  yield  so  large  and  immediate  a  return  in  the  way  of  money  abso- 
lutely saved  as  a  further  gnint  for  the  work  of  this  Board,  and*  in  the 
correctness  of  this  opinion  he  is  confident  that  he  will  be  supported  by  the 
who\e  body  of  scientific  men  and  manufacturers  of  metals  of  superior 
quality  throughout  the  land. 

I  have  the  honor  to  be,  very  respectfully,  vour  obedient  servant, 

T.  T.  S.  LAIDLEY, 
Colonel  of  Ordnance^  PresUUnt  of  the  Board. 

To  the  PBE3IDENT   OF  THE  UNITED  STATES. 
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Statmient  of  diitbursemenis  under  appropriation,  **T€8t  of  Iron  and  Steel,"  to  June  1,  1878. 


Tests  of  iron  and  steel. 


Disbursements. 


1875. 


For  ad  vertisiniE;  (contract  for  testing-machine) f  172  50 

amount  paid  on  contract  for  testing-machine <    25, 200  52 

stationery  and  printing ;. 

inHtrunients  (calipers,  stamps,  &o.) i 

Uttin^  up  chemical  laboratory I  51  88 

cliemicals,  apj)aratus,  Sco 

care  of  chemical  laboratory , 

coal  for  gas  for  use  at  chemical  laboratory 

coal  and  wood  for  heating  hiboratory,  turning  specimens,  &.o. 

labor  for  cutting  samples,  turning  specimens,  &c 

tittine  up  building  for  t'Csting-machine 

foundation  for  testing-machine  and  setting  up  accumulator. . . 

traveling  crane  and  trestles 

coal  and  oil  for  operating  testing-machine 

material  for  tests , 

f ivight  and  expenses  on  samples  of  Iron,  steel  for  tests 

freight  on  parts  of  testing-machine  received 

1)oxes  for  parts  of  te8ting-nia<'hine  received 

traveling  expenses  of  members. 346  62 

postage  (secretary  and  members) 

secretary,  fVoin  Atarch  25,  1875,  to  June  30,  1877 300  00 

chemist,' from  Jidy  1,  1875.  to  April  29,  1878 

committee  on  abrasion  and  wear 

committee  on  chemical  research  and  steels  by  nioilem  processes 

coinmitteie  on  chain-cables,  and  reheating  iron % 

cciramittee  on  effects  of  temperature 

committee  on  beams,  girders,  and  columns 

committee  on  cast  ii-oii 

conimitt4'e  on  mt^tallic  alloys 

committee  on  steels  for  tools 


1876. 


$90  75 


500  41 
129  50 
1,  912  37 
2,604  80 
151  13 
254  50 
351  71 
983  20 

1,  417  01 
4,083  77 

2,  746  29 


3  97 

26  67 

53  09 

152  39 

1, 146  63 

117  90 

1,  316  66 

5, 550  00 

83  00 

378  44 

1, 394  93 

938  03 

3,042  06 

29  10 

10,  510  84 

2,644  17 


Total 26,071  52  .  42,628  41 


1877. 


$104  85 


47  10 
602  75 
126  63 
480  29 
111  36 

18  38 
631  90 
430  91 
234  94 
227  80 
1,091  27 

20  65 
310  54 


755  54 

40  99 

1, 100  00 

2, 108  50 

859  25 

1, 638  86 

25  22 

1, 470  98 

1,  074  75 

13,  502  54 

TESTS  OF  IRON  AND  STEEL,  1875. 

To  appropriations $75,000  00 

By  amount  (lisbursiMl $26,071  52 

13 V  amount  transferred  to  aiipropriation,  "Hestfl  of  iron  and 

'steel,  1H7(>»' 42,629  00 

68, 700  52 


6, 2119  48 


Balance  on  hand  (due  on  contract  for  teBting-maclune) 

TESTS  OF  IRON  AND  STEEL,  1876. 

To  amount  transferred  fi*om  appropriation,  "  teats  of  iron  and 

steel,  1875" t 42,029  00 

By  amount  disbui-sed '  42,62ti  41 

Bv  amount  deposited  to  the  credit  of  the  Treasurer  of  the 

United  States 59 

42, 629  00 


TESTS  OF   IRON  AND  STEEL,    1877. 

To  appropriation 19,396  98 

By  amount  disbursed 13,502  54 

13, 502  54 


Balaunc  on  hand 


5,894  44 


T.  T.  S.  LAIDLEY, 
Colonel  of  Ordnance,  President  of  the  Board, 


45th  Congress,  \    HOUSE  OP  REPRESENTATIVES.    (  Ex.  Doc. 
2d  Session.       )  \    No.  98. 


REPORT 


OP 


THE   COMMITTEES 


ON 


CHAIN-CABLES,  MALLEABLE  IRON, 

BEOEATING  AND  BEBOLLING  WB0C6HT IBON, 

GIVINO 

THE  RESULTS  OF  EXPERIMENTS  ON  THE  STRENGTH  OF  WROUGHT 

IRON  IN  BARS  AND  IN  CHAINS ;  THE  EFFECT  OF  DIFFERENT 

DEGREES  OF  REDUCTION  IN  ROLLING,  OP  REHEATING, 

REROLLING  AND   HAMMERING;   AND 

A  COBfPARISON  OF  « 

* 

CHEM:iCA.ri  CATJSES  "WITH  PBCYSICA.L  RKSTTIjTS, 

PROVING  STRAINS  FOR  CHAIN-CABLES, 

THE  CORRECT  FORM  FOR  TEST-PIECES, 

AMD 

MISCELLANEOUS  INVESTIGATIONS  INTO  THE  PHYSICAL 
PROPERTIES  OF  ROLLED  WROUGHT  IRON. 


-•-#4 


WASHIFOTOIT: 

OOTEBNMEITT   PBINTUfa    OFFIOS. 

1878. 


COISTTEDSTTS. 


SECTION  I. 

feTHucTioNS— Plan  of  work  adopted— Objective  point  selected— Testing- 
machines  DESCRIBED — DaTA  PROCURED  BY  THE  TEST  OF  ROUND  BARS  DISCUSSED, 
IXaCDING  INVESTIGATION  INTO  THE  CAUSES  OP  VARIATION  IN  PROPORTIONAL 
STKEXGTH  ACCOMPANYING  VARIATION  IN  DIAMETER— TABLES  OF  STRENGTH  AND 
ELASTIC  LIMIT  OF  BARS. 

SECTION  II. 

the  chain-cable. 

Method  of  manufacture — Principles  involved — Causes  of  weakness— Weld — 
STm>— High  tenacity— Notes  on  welding — ^Notes  on  effect  of  stud— Com- 
pabis0k8  of  end  and  side  welds — comparisons  of  studded  and  open  links — 
Effects  of  under  and  over  work — Methods  of  testing  cables — ^Tabulated 

RECORD  of  strength  OF  CABLES — ^A  PAPER  ON  THE  WEIGHT  OF  CABLES  WITH 
^CGGESTIONS  FOR  ITS  REDUCTION— COMPARISON  OF  THE  ACTION  OF  BARS  AND  LINKS 
OF  SAME  IRON  UNDER  TENSION. 

SECTION  in. 

PROOF  STRAINS  FOR  CHAIN-CABLES. 

EfFICTS  PRODUCED  BY   THE  USB  OF  THE  STRAINS  PRESCRIBED  BY  THE  ADMIRALTY 
FBOOF-TABLE — DISCUSSION  OP  THE  PRINCIPLES  UPON  WHICH  PROOF-STRAINS  SHOULD 

BE  BASED— Proof-table  calculated  upon  such  principles. 

SECTION  IV. 

A  PAPER  DISCU.SSINQ  ERRORS  ARISING  THROUGH  THE  USE  OF  INCORRECTLY  FORMED 
TEST-PEECES,  AND  SHOWING  BY  EXPERIMENT  THE  CORRECT  FORM  AND  PROPORTIONS 
FOR  test-pieces;    also  COMPARISON  OF  SRTENGTH   OF  ROUGH  AND  TURNED  BARS. 

SECTION  V. 

JaBITATED  RECORDS  OF  TESTS  OF  BARS  BY  TENSION. 

SECTION  VI. 

^25T>j  OF  BARS    BY  IMPACT,  SHOWING   ACTION  OF  VARIOUS    CONTRASTING    TYPES    OF 
OWN  UNDER  SUDDEN  STRAINS. 

SECTION  vn. 

A  Paper  on  the  '*  Elevation  of  the  limit  of  stress,"  showing  the  effect  pro- 

DVCED   BY    RESTS    RANGING   FROM    ONE-HALF    MINUTE    TO    ONE    YEAR    UPON    IRON 
^mCH  HAD  BEEN  STRAINED  TO  THE  TENSILE  LIMIT. 

SECTION  vm. 

^OTES  UPON  IRONS  EXAMINED — CHEMICAL  ANALYSES,  AND  COMPARISON  OF  CHEMICAL 
AXD  PHYSICAL  TESTS. 

xni 


ERRATA. 

Page  4f  line  27,  read  testing  instead  of  ^*  estinK." 

Page  6,  line  33,  for  ^*  produced  by  fracture'"  read  produced  by  $trmt  oontinued  to 
fracture. 

Page  16,  line  13  from  foot,  insert  irich  after  '*  Square/' 

Page  20,  tenacity  of  l^  bar,  for  "56,543"  read  56,143. 

Page  23,  omit  period  after  "untested"  in  title  of  table. 

Page  28,  line  25,  "  weld''  should  be  vpelda. 

Page  35,  lines  6 to  9,  transpose  "P"  and  "Pas." 

Page  36,  under  location  of  rupture  of  2''  link,  for  "  weld"  read  not  broken. 

Page  37,  in  record  of  iron  O,  2  inch,  under  elongation  of  unbroken  links,  for  "51" 
te-dd  40,  and  for  "5.03"  read  .503. 

Page  49,  first  stretch  of  li"  bar,  for  "38,888"  read  33,888. 

Page  57,  tensile  strength  of  2"  bars,  for  "49,635"  and  "47,803"  read  49,146  and 

Page  90,  line  26,  for  "27"  read  24. 
Page  90,  line  44,  for  "  150"  read  155. 
Page  91,  transpose  "  P"  and  "  Px." 

Page  95,  average  strength  of  2-inch  cable,  for  "25,040    read  256,040. 
Page  100,  line  14,  "  tunn"  should  be  turn. 
Page  109,  line  4,  insert  iMmnd«  after  "689." 
Page  126,  tests  194  to  197,  Av.  red.  area,  for  "47.5"  read  52.5. 
Page  129,  test  246,  Griff,  diam.,  for  "4.90"  read  .490. 
Page  160,  in  column  "Remarks,"  for  "received  short"  read  red  ehort. 
Page  178.  for  "  Sec.  V"  read  Sec.  VI. 

Pages  228  to  231,  experiments  Nos.  62  to  100,  insert  per  equare  inch  in  columoa  of 
"Stress." 
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REPORT  OF  THE  RESULTS  OF  INVESTIGATIONS  MADE  BY 
COMMITTEES  D,  H,  AND  M  OF  THE  UNITED  STATES  BOARD 
APPOINTED  TO  TEST  IRON,  STEEL,  AND  OTHER  METALS. 


Section  L 

Instructions — ^Plan  op  work  adopted— Objective  point  selected— TESxixch 
MACHINE  described— Data  procured  by  tests  of  round  bars  discussed,  in- 
cluding INVESTIGATIONS  INTO  THE  CAUSES  OF  VARIATION  OF  PROPORTIONAL 
strength  ACCOMPANYING  VARIATION  IN  DIAMETER — TABLES  OP  STRENGTH  AND 
ELASTIC  LIMIT  OF  ROUND  BARS. 

The  iuTestigations  assi^ed  to  the  three  committees  designated  by 
the  letters  D,  H,  and  M,  were  as  follows : 

To  Committee  D,  '^  On  chain  and  wire  roi)es,''  with  instructions  "  to 
determine  the  character  of  iron  best  adapted  for  chain-cables,  the  best 
tbnu  and  proportions  of  link^  and  the  qualities  of  metal  used  in  the  man- 
ufacture of  iron  and  steel  wire  rope." 

To  Committee  H,  "  On  iron,  malleable,"  with  instructions  *^  to  exam- 
ine and  report  upon  the  mechanical  and  physical  proi)erties  of  wrought 
iron.^ 

To  Committee  M,  "  On  reheating  and  rerolling,"  with  instructions  "to 
examine  and  report  upon  the  eftect«  of  reheating  and  rerolling,  or  other- 
wise reworking,  of  hammering  as  compared  with  rolling,  and  of  anneal- 
ing the  metals." 

The  work  thus  assigned  to  three  different  committees  was  of  such  a 
nature  that  exi>eriment«  made  by  any  one  of  them  would  necessarily 
furnish  data  which  would  prove  of  value  to  all ;  and  as  the  three  com- 
mittees consisted  of  but  five  members  of  the  Board,  one  of  whom  was 
chainuan  of  all,  it  was  considered  advisable,  in  order  to  economize  time, 
labor,  and  means,  by  the  avoidance  of  duplication  of  expensive  experi- 
ments, or  of  making  duplicate  and  triplicate  reports  of  the  same  series, 
to  consolidate  the  committees  and  to  conduct  the  investigations  in  such 
a  manner  that  a  single  report  would  cover  the  whole  ground.  In  thus 
concentrating  the  work  it  was  necessary  that  a  leading  object  should 
be  selected,  and  it  was  considered  that  the  research  which  would  be 
required  to  establish  the  characteristics  of  iron  which  would  prove 
best  adapted  for  the  manufacture  of  cables,  would  furnish  data  w^hich 
would  bear  more  or  less  upon  the  subjects  to  be  investigated  by  Com- 
mittees H  and  M ;  while  it  would  be  quite  practicable  to  select  from  the 
wide  field  presented  by  "  wrought  iron,"  and  differences  in  methods  of 
treating  it,  any  number  of  lines  of  research,  none  of  which  would  prove 
of  much  service  in  establishing  points  in  regard  to  chain-iron. 

Our  experiments,  therefore,  have  been  all  so  carried  out  that  while 
we  have  been  able  to  obtain  data  both  as  to  the  mechanical  and  physical 
properties  of  wrought  iron,  and  as  to  the  effects  of  different  metho<ls  of 
treatment  of  the  raw  material,  all  have  been  made  to  contribute  their 
quota  toward  the  establishment  of  methods  by  which  an  iron  could  be 
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judged  correctly,  as  to  its  adaptability  for  cliain-cable  manufacture. 
Such  points  well  established,  would  prove  to  possess  value  not  only  to 
the  manufacturers  and  purcha^sers  of  cables  and  cable-iron,  but  not  less 
to  the  manufacturers  of  iron  bridges  and  other  constructions,  which,  like 
the  cable,  depend  for  their  value  upon  their  power  of  resisting  to  the 
utmost,  destroying  forces  of  various  and  irregidar  natures.  A  cable 
must  be  able  to  resist  both  sudden  strains,  steady  strains,  vibratory 
strains,  and  con-osion,  and  a  bridge  must  encounter  the  same  during  its 
service ;  therefore,  it  is  hoi)ed  that  the  information  we  have  been  able 
to  collect,  the  deductions  we  have  drawn,  the  errors  we  have  corrected, 
and  the  rules  and  tables  we  have  established  and  calculated,  vnW  prove 
of  service  to  a  large  class  of  our  mauufactiirei.*3,  of  whom  the  cable- 
makers  are  but  a  branch. 

In  submitting  this  report,  we  would  say  that  the  extent  of  our  inves- 
tigations has  been  restricted  by  the  narrowness  of  our  means,  and  the 
necessity'  which  has  arisen  that  we  shoidd  submit  the  results  of  such 
work  as  we  have  a<5Complished,  in  order  that  the  necessity  of  such  work 
shall  be  made  as  plain  as  the  fact  that  our  researches  have  been  by  no 
means  exhaustive,  and  that  they  but  point  the  way  toward  a  thorough 
re-examination  of  the  subjects  involved,  which,  based  upon  our  results, 
would  provide  a  valuable  mass  of  information,  to  which  this  report  would 
occupy  the  relation  of  a  preface. 

The  cable'link  is  but  a  modification  of  the  round,  rolled  bar,  and  its 
quaUties  must  dei)end  upon  those  of  the  bar  from  which  it  is  made. 
Therefore,  we  have  selected  the  round  bar  as  the  foundation  of  our 
work,  and  our  endeavor  has  been  to  ascertain  what  qualities  shoidd  be 
inherent  in  it,  and  which  would  remain  without  deterioration  through 
various  processes  incident  to  the  manufacture  from  it  of  finished  products 
of  other  forms. 

In  making  these  examinations  we  have  been  able  to  collect  and  classify 
a  mass  of  facts  which  bear  strongly  upon  the  mechanical  and  physical 
properties  of  wrought  iron  and  upon  the  effect  of  reheating,  rerolling,  &c. 

Our  report  is  herewith  submitted. 

In  order  to  determine  the  character  of  iron  best  adapted  for  the  manu- 
facture of  cables,  it  is  necessary  to  take  into  i)rimary  consideration  the 
character  of  the  forces  which  a  cable  in  service  is  called  upon  to  resist, 
and  which  of  these  forces  is  most  dangeix)us,  not  only  to  the  cable,  but 
to  the  vessel  which  depends  upon  it  for  safety. 

Having  decided  upon  this  point,  we  have  but  to  recommend  that  the 
iron  as  is  best  adapted  to  resist  these  forces,  in  the  order  of  their  relative 
importance,  shall  be  considered  as  best  adapted  for  the  manufacture  of 
cables.  Cables  in  service  are  subject  to  the  destroying  forces  of  sudden 
strains,  alternations  of  sudden  and  steady  heavy  strains;  heavy  steady 
strains;  abrasion,  and  corrosion;  and  the  danger  from  each  takes  pre- 
cedence in  the  onler  given. 

The  stidden  strains^  which  are  the  most  dangerous,  occur  when  through 
any  cause,  it  may  become  necessary  to  check  the  headway  of  the  vessel 
by  means  of  the  anchor;  or  when,  in  letting- go  anchor  in  deep  water,  the 
momentum  of  the  running-out  cable  is  suddenly  arrested  by  a  jam  in  the 
hawse-hole,  or  pipe,  perhaps  before  the  anchor  has  reached  the  bottom. 

The  alternatiom^  when,  through  the  force  of  a  heax^'  squall,  the 
already  taut  cable  is  strained  suddenly  by  a  force  which  cannot  be 
calculated  or  guarded  against. 

The  heary^  steady  strains,  under  many  circumstances,  when  through 
exposure  to  strong  tides  or  gales,  a  great  strain  is  brought  on  the  cables. 
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Abrasion   and  corrosion  are  seldom  dangerous,  in  that  they  can  be 
guartled  against  and  prevented  by  care. 

The  relative  importance  of  these  sources  of  danger  indicates  that  iron, 
which  is  best  adapted  for  cable  is  that  which  possesses  great  power  to  re- 
sist ftoM  sudden  and  steady  strains,  and  that  neither  of  these  (pialities  in 
excess  will  compensate  for  a  deficiency  in  the  other. 

The  force  of  sudden  strains  cannot  be  calculated  with  any  degree  of 
certainty,  while  that  of  steady  strains  can  be  accurately  measured  by 
testing-ma<ihines  with  the  necessary  power  and  ac(5uracy.  Tlierefore,  in 
attempting  to  decide  upon  the  chanicteristics  which,  when  found,  would 
indicate  that  an  iron  possessed  the  two  necessary  qualities  in  combina- 
tion, we  sought,  first,  to  establish  with  certainty  the  actual  power  to 
resist  tension  of  many  bars  of  various  irons,  and  then,  by  application  of 
sudden  strains  to  the  same  iron,  develop,  if  it  existed,  a  connecting  link 
between  the  two  forces ;  so  that,  by  the  data  furnished  by  tiMision- tests, 
the  probable  action  uiuler  sudden  strains  could  be  estimated. 

The  value  of  a  chain-cable  depends  equally  upon  the  strength  of  the 
hnks  and  upon  the  uniformity  of  the  strength.  Each  cable  of  150  fathoms 
is  composed  of  many  iinks;  in  one  made  of  2"  iron  there  are  1,500  links, 
and  in  one  of  1",  nearly  3,000. 

The  strength  of  the  cable  is  but  that  of  the  weakest  link,  and  the 
strength  of  this  link  but  that  of  its  weaketit  part ;  therefore,  in  order 
that  a  cable  shall  be  strong  and  reliable,  the  weakest  pait  of  the  weakest 
link  must  be  made  a«  strong  as  x)ossible. 

The  weakest  part  of  nearly  every  link  is  the  weld.  With  ceitain  types 
of  iron  the  weld  is  much  weaker  than  with  others ;  hence  we  consider  that 
the  prime  elements  of  value  in  a  cable-iron  are  power  to  resist  sudden 
straifis  and  to  be  welded  tJiorotighly  without  loss  of  strength.  By  the 
former  we  insure  against  the  grci^itest  danger,  and  by  the  latter  against 
the  frequently  repeated  ordinary  dangers. 

We  were  not  able  to  obtain  any  information  of  value  as  to  the  quali- 
ties of  various  American  irons  in  these  two  resi)ect«,  and  we  therefore 
resolved  upon  making  a  series  of  experimental  investigations,  by  the 
results  of  which  we  hoped  to  be  able  to  form  a  correct  judgment. 

The  Bar — Part  I. 

Our  plan  of  investigation  was  to  first  ascertain,  by  means  of  tension- 
tests  made  upon  bars  of  such  irons  as  we  could  procure,  the  amount  of 
strength,  elasticity,  &c.,  which  would  be  found  to  exist  in  ordinary 
American  bar-iron  j  next,  by  tests  by  impact  upon  the  same  irons,  to  ascer- 
tain their  relative  j)owei*s  to  resist  sudden  strains ;  and  finally,  having 
ascertained  these  essential  points  in  the  material^  to  make  from  each  iron 
a  number  of  cable-links,  and  by  tension  to  find  their  strength  and  uni- 
formity and  the  degree  of  depeiulence  to  be  placed  upon  the  welds. 

To  carry  out  these  investigations,  we  procured  bars  of  round  iron  of  sizes 
such  as  are  usually  used  in  the  manufticture  of  cables,  viz :  from  2  inch 
diameter  to  1  inch,  from  the  following  manufacturers  and  dealers,  Burden 
&  Sons,  of  New  York;  Bentoni,  of  Pennsylvania;  Burgess,  of  Ohio;  Cat- 
asauqua,  of  Pennsylvania ;  New  Jersey  Ircm  and  Steel  Company,  of  New 
Jersey;  Niles  Iron  Company,  of  Ohio;  Phoenix,  of  Pennsylvania;  Pem- 
broke, of  Massachusetts^;  Pencoyd,  of  Pennsylvania;  Tredegar,  of  Virginia; 
Trego  &  Thompson,  of  Maryland ;  Sligo,  of  Pennsylvania ;  Taraaqua,  of 
Pennsylvania ;  Wyeth  Brothers,  of  Maryland ;  and  many  other  bars  of 
unknown  origin. 

A  number  of  the  more  prominent  manufacturers  have  donated  their 
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iroD,  and  have  considered  themselves  stiffleiently  compensated  by  the 
information  we  have  been  able  to  give  them  in  regard  to  it 

When  we  began  our  work,  we  made  an  attempt  to  collect  valuable 
data  from  manufacturers,  and  succeeded  in  procuring  considerable  data 
as  to  the  strength,  elastic  limit,  &c.,  of  their  iron,  but  it  was  not  valu- 
able. Nearly  all  of  the  records  of  strength,  &c.,  had  been  obtainecl  through 
tests  made  upon  test-pieces,  the  proportions  of  which  were  such  that  cor- 
rect results  could  not  be  procured. 

We  therefore  resolved  to  confine  our  work  to  experimental  investiga- 
tion, the  steps  of  which  are  very  slow,  and  frecpiently  lead  to  results  of 
no  great  value,  and  occasionally  to  new  and  valuable  discoveries. 

The  experiments  upon  the  results  of  which  our 'report  is  based  comprise 
the  details  of  all  physical  phenomena  observed  by  us  while  testing  to  de- 
struction nearly  two  thousand  bar  test-pieces,  by  the  strain  of  tension, 
over  fifteen  hundred  by  the  strain  of  perc^ussion,  and  nearly  five  hundred 
cable-links,  made  in  all  respects  as  for  service. 

The  tension-tests  ui)on  bars,  were  made  both  upon  bars  in  their  normal 
condition,  and  upon  otliers  from  which  a  jiortion  of  the  surface  had  been 
turned  away.  Those  by  impact  were  made  ui>on  portions  of  the  same 
bars  which  had  been  tested  by  tension,  and  those  upon  chaiti-links  from 
other  portions  of  the  same  bars.  The  Navy  Department  placed  at  our 
service  the  facilities  of  the  Washington  navy-yard,  which  included  the 
use  of  forges  and  of  two  testing-machines  for  making  tension-tests ;  also, 
of  such  records  as  we  desired,  and  of  a  large  quantity  of  conti*act  chain- 
iron  which  it  was  deemed  advisable  to  examine. 

A  brief  description  of  our  testing-machines,  and  of  our  methods  of 
esting,  with  a  few  i)liysical  jiheuomena  we  have  observed,  will  enable 
the  terms  used  in  the  report  to  be  understood. 

DESCRIPTION  OF  TESTING-MACHINES  AND  OF  THE  3IETH0DS  OP  TESTING 

In  ortler  that  we  might  obtain  the  tensile  strength,  elastic  limit,  ductil-. 
ity,  &c.,  of  ix)und  bars,  our  first  test  was  by  tension  ui)on  full-sized  bars, 
li>(>m  which  the  outer  portion  had  not  been  removed.  These  tests  were 
made  by  means  of  the  "  chain-proving  machine,^  at  the  Washington  navy- 
yard,  which  in  this  report  is  called  "testing-machine  A.''  This  machine 
consist^s  of  a  long  trough,  in  which  a  15-fathom  section  of  cable  call  be 
stretched  by  means  of  a  hydraulic  puni]),  to  which  it  is  connected  at  one 
end,  while  the  other  end  is  made  fast  to  a  holder,  which,  in  turn,  con- 
nects with  a  system  of  levers,  by  which  the  sti^ss  is  weighed  by  means  of 
weights  placed  upon  a  platform  at  the  extremity  of  the  long  lever.  (See 
cut.) 

The  machine  was  thoroughly  overhauled,  repaired,  and  adjusted  under 
the  supervision  of  a  chief  engineer  of  the  Navy  previous  to  the  use  of  it 
by  the  Board.  The  pump  is  worked  by  steam,  and  a  "  gong,"  with  wire 
reaching  from  the  engine  to  the  weighing  end,  facilitates  instantaneous 
communication. 

The  capacity  of  the  machine  is  300,000  pounds,  and  the  levers  are  so 
a^ljusted  that  a  weight  of  1  pound  upon  the  platform  balances  200  i>ounds 
of  stress. 

The  pieces  to  be  tested  were  sections  of  the  bar  at  least  eight  times  the 
diameter  in  length,  and  originally  fitted  with  loops  of  larger-sized  iron, 
welded  to  the  ends,  thus : 
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Subsequently  heads  were  substituted  for  loops.  Near  to  each  end  of  the 
ej'lindrical  portion  of  the  bar,  small  punch-marks  were  made  for  the  par- 
pose  of  measurement ;  the  distance  between  tliej^e  was  carefully  meas- 
ured, and  the  diameter  of  the  bar  carefull}'  calipered;  this  latter  process 
often  revealed  that  there  was  between  the  actual  and  nominal  diameter 
of  the  bar  considerable  difference. 

The  bar  was  fastened  to  the  holders,  a  pair  of  large  di\iders  adjusted 
to  the  punch-marks,  and  the  stress  slowly  applied ;  at  the  instant  the 
elongation  was  suflftcient  to  draw  one  i)uneh-mark  clear  of  the  dividers' 
point,  the  stress  was  weighed  and  recorded  'dsjirst  stretch. 

This  method  was  our  best,  but  there  are  liabilities  of  error,  all  of  which 
would  cause  the  stress  of.  "  fti'st  stretch "  to  be  recorded  too  high.  At 
times  the  piece  would,  in  an  instant,  elongate  considerably ;  generally 
such  action  took  place  in  iron  with  high  elastic  limit  as  compared  with 
its  tensile  strength.  At  the  best  the  signal  to  stop  would  never  be  given 
or  olx*yed  be/ore  a  stretch  was  noticed. 

Oiu"  measurers  became  very  expert,  as  was  the  case  with  Mr.  Tait,  our 
assistant,  who  cared  for  the  weighing,  and  seldom  failed  to  keep  a  perfect 
balance,  and  the  liability  of  error  was  reiluced  to  a  muiimum. 

Just  before  rupture  there  was  always  a  period  (var^\ing  with  differ- 
ent irons)  when,  having  reached  the  limit  of  stress,  the  levers  would 
balance  for  a  little  time  and  then  sink  before  the  specimen  parted.  With 
tliis  machine  we  were  not  able  to  trace  this  action  very  closely,  but  full 
reference  is  made  to  it  in  discussion  of  tests  made  by  means  of  the  djTia- 
mometer  (testing-machine  B),  and  at  this  point  it  is  probable  that  temile 
Imit  was  reach^. 

Additional  tests  by  tension  were  made  upon  many  of  the  irons  by 
means  of  cylindrical  test-pieces  turned  fix)m  the  bars  and  ruptured  by 
the  "  Rodman  dynamometer,''  called  in  this  paper  "  testing-machine  B.'' 
The  results  obtained  by  this  machine  agree  very  closely  in  some  cases 
with  those  obtained  by  testing-machine  A,  and  in  others  dilfer  widely. 
A  portion  of  these  differences  is  probabl}-  due  to  differences  in  the  accu- 
racy of  the  two  machines  and  methods,  and  others  to  a  natural  difference 
ia  the  character  of  the  metal  as  developed  by  the  entire  bar,  and  by  a 
portion  of  the  core  and  adjacent  iron. 

This  machine  holds  the  specimen  to  be  tested  by  means  of  clamps,  and 
the  iLsual  form  of  the  test-piece  is  shown  on  Plate  I.  The  capacity  of 
the  machine  is  100,000  poumLs,  and  it  will  weigh  a  stress  of  10  pounds 
with  accuracy.    The  method  of  testing  with  it  is  as  follows: 

The  test-piece  being  fitted  to  the  clamps,  a  slight  stress,  sufficient  to 
tauten  everything,  is  brought  upon  it  by  means  of  a  foot-screw  which 
thaws  down  the  lower  holder;  the  mettJsurements  are  then  taken,  and  the 
stress  slowly  applied  by  means  of  a  crank,  connected  by  gearing  with  a 
system  of  levers,  so  adjusted  that  a  weight  of  1  pound  upon  the  plat- 
form will  balance  100  pounds  of  stress.  The  stress  is  measured  by  a 
TOght  sliding  on  the  lever  until  1,000  pounds  is  reached,  when  a  weight 
is  substituted  upon  the  platform. 

The  weighing-lever  i)a.^ses  tlirough  a  rectangular  frame,  which  is  2 
inches  in  depth  of  opening;  the  lever  itself  being,  at  the  point  where  it 
l>as8es  through,  IJ  inches  deep,  it  being  thus  allowed  a  vertical  motion 
of  }  of  an  inch.  A  mark  across  the  center  of  the  opening  coinciding  with 
one  on  the  face  of  the  lever  indicated  a  balance,  the  stress  and  resistance 
heing  equalized,  from  the  exact  balance  to  rest  there  is  a  fall  of  f  of  an 
inch.  The  test-pieces  are  prepared  with  marks  between  which  the  length 
i«  accurately  measured,  and  thej"  are  also  accurately  calii)ered. 
In  testing  by  this  machine  we  have  noticed  that  the  lever  rises  rapidly 
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to  tlie  stress  until  the  elastic  limit  is  reached,  after  passing  which  the 
rai>idity  of  rise  gradually  lessens,  until  the  point  called  terutile  limit  is 
nearly  reached,  then  it  rises  very  slowly  until  tensile  limit  is  marked^ 
when  it  will  balance  for  iieriods  varying  from  two  to  seven  or  eight  min- 
utes, according  to  tlie  toughness  of  the  iron.  AYhen  the  power  of  re- 
sistance is  so  lessened  that  it  is  not  equal  to  the  addition  of  stress,  the 
lever  slowly  sinks  and  finally  rests;  but  if  during  this  sinking  the  in- 
crease of  stress  is  stopped  for  a  moment,  on  reapplying  it  there  is  a 
momentary  responsive  rise.  After  the  fall,  if  the  stress  is  continued,, 
there  is  no  answering  rise,  but  the  diameter  reduces  and  the  piece  length- 
ens rapidly,  and  finally  breaks. 

The  highest  stress  that  has  been  reached  is  recorded  as  the  tensile 
limit  or  ultimate  strength.  Although  we  have  in  most  cases  continued 
the  turning  of  the  crank  until  rupture  took  place,  in  order  that  we  might 
procure  the  fractured  dimensions  to  which  it  was  desired  to  reduce  the 
strength,  we,  in  makhig  the  investigations  in  regard  to  the  elevation 
of  the  liinit  of  stress,  ha^'e  frequently,  after  the  lever  had  fallen  to  its 
rest,  restored  a  balance  by  removing  weights  from  the  weighing-platform, 
and  have  by  this  process,  and  modifications  of  it,  caused  some  peculiar 
i)henomena  to  occur  which  have  been  carefuUv  noted  and  tabulated* 
For  instance,  after  a  test-iuece  had  withstood  to  the  point  called  tensile 
limit,  which  would  occur  at  a  stress  of,  say,  50,()00  pounds  per  square 
inch,  it  would,  after  the  fall  of  the  lever,  and  a  slight  delay  for  measure- 
ments, be  found  uj^on  removing  weights  to  be  still  resisting  to  nearly 
the  extent  at  which  the  lever  fell ;  the  stress  being  reapplied,  the  lever 
would  rise  nearly,  and  in  some  cases  quitej  to  the  amount  from  which  it 
had  previously  fallen,  and  in  one  or  two  cases  to  a  higher  point,  and  this 
could  be  repeated  from  twenty  to  thirty  times;  at  each  fall  the  diame- 
ter being  found  to  be  sensibly  reduced  and  the  length  increased.  (See 
Section  VII.) 

At  the  point  where  the  lever  first  fell  the  reduction  of  area  which  had 
taken  place  was  about  50  per  cent,  of  that  which  would  be  found  after 
frjicture  and  about  75  per  cent,  of  the  total  elongation  produced  by  fiuc- 
ture  had  occurred. 

If,  however,  at  the  fall  of  the  lever  the  weights  were  removed  and  the 
strain  be  continued,  the  balance  would  have  to  be  preserved  by  con- 
tinually decreasing  the  weights,  until  at  last  the  piece  which  had  resisted 
50,000  pounds  would  rupture  at  a  stress  of  not  much  over  40,000  pounds. 
(See  Section  VII.) 

The  result*  obtained  by  the  two  machines  and  methods  are  given  in 
the  tables  "  Records  of  bars  te«t«i  by  tension,"  and  cover  experiments 
made  to  compare  rough  and  turned  bars,  also  in  the  investigations  of 
the  elevation  of  the  limit  of  stress,  and  all  others  depending  upon  the 
action  of  bars  under  direct  tension. 

Our  tests  by  tension  upon  bars  have  supplied  us  with  data  which  will 
be  introduced  in  the  following  tables,  which  record  all  details.  As  the 
tables  introduce  some  phenomena  which  have  not  been  pre%'iously  de- 
scribed, it  may  be  desirable  that  the  meanings  of  the  results  given  in 
each  of  the  columns  should  be  clearly  explained  and  apparent  discrep- 
ancies accounted  for. 

Explanations  of  and  notes  upon  the  ^^Becords  of  bars  tested  by  tension.^^ 

Column  headed  ^^ Diameter,^ — The  strength  per  square  inch  of  a  bar  as 
deduced  from  the  stress  at  which  the  entire  bar  has  been  torn  asunder 
cannot  be  coirectly  ascertained  except  the  diameter  of  the  bar  be  care- 
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fully  calipered;  the  nominal  size  and  the  exact  size  seldom  coincide,  and 
at  times  we  have  found  variations  of  four-hundredths  of  an  inch,  which 
variation  is  suflBcient  to  produce  important  errors.  For  mstance,  a  bar 
is  nominally  of  2"  diameter,  and  parts  at  a  stress  of  157,000  pounds,  its 
tensile  strength  would  be  recorded  as  equal  to  50,000  pounds  per  square 
inch ;  if,  however,  the  bar  was  actually  .03  of  an  inch  fidl,  and  i)arted  at 
the  same  stress,  its  strength  per  square  inch  would  be  but  little  over 
48,500  pounds,  an  important  difference.  Therefore  our  diameters  are 
those  found  by  careful  measurement. 

Areas. — ^The  "  original  area  "  is  that  which  corresponds  to  the  diameter 
of  the  piece  before  test ;  the  *' reduced  area''  corresponds  with  the  least 
diameter  after  rupture ;  the  "  tensile-limit  area"  corresponds  with  the  least 
diameter,  at  the  stress  at  which  the  lever  falls ;  and  the  reductions  in 
these  are  given  in  percentages  of  the  original  diameters.  This  latter  can 
be  correctly  measured  Avith  ease ;  the  fmctui^d  area  cannot  always,  for 
although  generally  the  line  of  fracture  is  at  light  angles  to  the  axis  of 
the  specimen,  it  is  not  so  always,  and  thus  presenting  an  oval,  is  difficult 
to  measure. 

Length. — The  length  of  the  clear  cylindiical  portion  between  punch- 
marks  is  measured  both  before  the  stress  is  applied  and  after  fracture. 
In  testing  with  the  machine  B  it  is  also  measured  at  the  *'  tensile  limit." 

Percentage  of  elongation. — ^This  element  as  given  in  many  tables  is  of 
little  value,  the  percentage  being  greatly  dependent  upon  the  original 
length  of  the  specimen.  AYheu  this  is  not  given,  the  percentage  is  of  no 
value. 

The  following  experiment  will  make  this  clear :  From  a  bar  of  If  iron 
of  very  uniform  character  three  test-pieces  were  prepared,  which  were  in 
aU  respects  similar,  except  in  the  length.  The  first  was  75,  the  second  20, 
and  the  third  10  inches  long.  They  were  pulled  asunder,  and  the  first 
was  found  to  have  elongated  14  inches,  or  18.64  per  cent,  of  the  original 
length ;  the  second  had  elongated  4.36  inches,  or  21.8  per  cent. ;  and  the 
third  2.22  inches,  or  22.2  per  cent.  Our  records  supply  many  confirmatory 
results. 

A  few  experiments  were  made  for  the  purpose  of  ob8e^^ing  closely  the 
effect  of  tension  upon  a  bar  of  iron  in  producing  elongation  and  to  de- 
cide whether  the  amount  of  elongation  wa«  equally  distributed  through- 
out the  entire  bar  or  greatest  in  the  vicinity  of  the  ftucture. 

To  make  these  experiments  a  number  of  bars  of  iron  of  fiEtir  quality 
were  selected,  and  a  number  of  marks  made  along  the  cylindrical  por- 
tion, the  marks  being  one  inch  from  each  other.  At  each  of  these  points 
of  division  the  diameter  was  calipered  and  the  bars  then  subjected  to 
tension.  In  each  case  the  usual  record  was  made  of  the  stress  at  which 
the  first  stretch  took  place,  and,  in  addition,  the  stress  required  to  pro- 
duce an  elongation  of  one-fourth  of  an  inch. 

The  stress  was  increased  until  the  specimens  were  ruptured,  after  which 
they  were  carefully  remeasured  and  the  amount  of  elongation  between 
each  pair  of  di\ision-marks  and  the  reduction  in  diameter  at  each  of  the 
points  noted.  In  the  accompanying  table  the  results  of  this  experiment 
are  given ;  the  figures  preceded  by  an  •  sliow  the  location  of  the  ruptures. 

This  series  of  experiments  furnishes  evidence  that  the  greater  x)ortion  of 
the  elongation  occurs  in  all  cases  in  the  vicinity'  of  the  fracture. 

No.  4  was  found  to  be  reduced  considerably  at  a  point  on  the  opposite 
end  to  that  on  which  the  rui>ture  took  place. 

Nos.  1,  3,  and  5  of  the  bars  were  tested  in  their  natural  condition. 

Noa.  2,  4,  and  6  were  cut  from  the  same  bars  as  1,  3,  and  5,  respect- 
ively, but  were  slightly  reduced  by  the  lathe  before  test. 
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First  stretchy  <fec. — Our  method  of  observing  the  stress  at  which  this 
took  place  has  been  explained. 

The  experiments  indicate  that  this  point,  if  carefully  measured,  fur- 
nished us  with  a  very  easy  and  inexpensive  method  by  which  we  can 
obtain  the  elastic  limit  closely  enough  far  all  practical  purposes^  although, 
for  reasons  which  have  been  given,  the  figures  will  probably  i^rove  a  little 
above  the  truth. 

The  ratios  which  are  borne  bj^  the  elastic  limit  to  the  ultimate  strength 
of  vai'ious  irons  can  be  closely  obtained  by  this  method,  as  the  following 
comparison  will  show. 

Four  test-pieces  of  a  very  homogeneous  iron  were  prepared,  whic^h 
were  identical  in  form  and  proportions. 

The  two  first  pieces  were  turned  from  a  bar  of  1  J''  diameter,  and  the 
second  pair  from  a  bar  of  1\\"  diameter,  all  of  iron  K. 

Of  each  pair  the  elastic  limit  of  one  piece  was  obtained  by  about  four 
hours'  work,  at  an  expense  of  about  $4;  the  other  one  of  each  pair  was 
observed  at  the  first  perceptible  elongation  and  the  stress  which  pix)- 
duced  it  called  the  elastic  limit ;  about  five  minutes  of  time  and  no  extra 
expense  were  required  to  obtain  the  result  in  this  manner,  the  value  of 
which  is  shown  as  follows : 

Eatio  of  elastic  limit  of  Xo.  1  to  ultimate  strength,  by  careful  test, 
53.1  per  cent. 

Katio  of  elastic  limit  of  No.  1  to  ultimate  strength,  by  first  stretch, 
53.4  i>er  cent. 

Ratio  of  elastic  limit  of  ISo.  2  to  ultimate  strength,  by  careful  test, 
53.7  per  cent 

Ratio  of  elasti?  limit  of  ^o,  2  to  ultimate  strength,  by  first  stretch, 
52.4  i)er  cent. 

In  several  other  cases  of  careful  comparison  we  have  found  close  coin- 
cidence, hence  have  assumed  this  property  to  represent  the  elastic  Umit. 

Ultimate  stress  is  the  stress  which  represents  the  highest  which  has 
been  withstood  by  the  specimen,  but,  as  has  been  shown,  it  was  not  the 
amount  which  finally  produced  the  rupture;  this  stress  produced  a 
weakening,  from  w^hich,  had  the  specimen  been  rested,  it  would  have 
recovered ;  by  continuing  it,  the  specimen  finally  parted  at  much  less. 
This  stress  is  reduced  to  the  various  ai^as. 

Original^  fractured,  and  tensile  limit — Data  in  regard  to  the  "tensile 
limit"  could  not  be  obtained  with  accuracy  by  means  of  testing-machine 
A,  but  ^nth  B  it  was  readily'  obtained,  and  a  few  remarks  in  regard  to 
its  use  may  be  pertinent. 

The  measurements  taken  at  the  "tensile  limit"  introduce  a  new  method 
by  which  the  comi)arative  values  of  ditt'erent  h^ons  may  be  estimated. 

Ordinarily  the  tenacity  of  iron  is  expressed  in  the  strength  as  judged 
by  each  square  inch  of  the  sectional  area  of  the  test-piece  before  its  form 
has  been  changed  by  stress. 

Kirkaldy  suggested,  as  a  more  just  method,  that  the  area  corresponding 
to  the  diameter  of  the  fractured  surfaces  should  be  adopted  as  the  unit  of 
measurement.  Our  experiments  lead  us  to  believe  that  between  these 
extremes  of  original  and  fractured  areas  there  is  an  intermediate  area 
which  can  be  used  with  profit,  which  is  that  which  corresponds  with  the 
leajst  diameter  of  the  test-piece  at  the  stress  which  marks  the  highest 
point  of  resistance  to  continually  increasing  strains. 

This  point  we  have  termed  the  "  tensile  limitP 

There  are  practical  difficulties  encountered  in  measuring  accurately 
the  diameter  of  the  fractured  surfaces.  Vernier  calipers  have  tangible 
edges,  which  can  be  brought  in  close  contact  w- ith  the  smooth  parallel 
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sides  of  the  uustrained  test-piece,  and  an  error  of  one-thousandth  part  of 
an  inch  is  not  liable  to  take  place,  but  after  the  test-piece  has  been  pulled 
asunder  there  is  a  practical  difficulty  in  joining  i^eifectly  the  two  frac- 
tured surfaces,  and  frequently  the  line  of  fractiu-e  is  not  at  right  angles 
with  the  axis  of  the  cylinder;  this  necessitates  two  measurements,  one 
of  the  greatest  and  one  of  the  least  diameter,  and  an  interpolation,  and 
in  making  these  measurements  there  are  chances  of  enx)r  even  if  the 
line  of  fi'acture  is  at  right  angles,  which  are  increased  when  it  is  not. 
Between  the  edges  of  the  calipers  and  the  surface  of  the  metal,  if  the 
line  of  the  taper  toward  the  fracture  should  be  on  both  sides  abrupt,  as 
frequently  occurs  in  testing  steel  and  irons  containing  much  carbon,  and 
the  reduction  should  be  considerable,  there  woidd  arise  a  possibility  that 
in  the  attempt  to  measure  correctly  the  diameter  of  the  fra<!tured  faces 
in  the  ordinary  manner,  viz,  by  pressing  the  two  fractured  surfaces 
together  by  screw  power  and  then  calii>ering  the  line  of  least  diameter, 
we  would  leave  between  the  edges  of  the  calipers  and  the  iron  a  little 
triangular  space  to  w^hich  we  woidd  give  credit  as  iron  in  estimating  the 
strength ;  in  other  words,  without  the  utmost  care  there  would  be  risk  of 
over  measurement,  and  of  recording  the  fractured  diameter  at  a  little  too 
high  a  figure. 

If  this  little  space  on  each  side  were  but  two-thousandths  of  an  inch 
in  depth  there  would  be  an  eiTor  in  measui'ement  of  /owr-thousandths, 
and  this  would  produce,  a  serious  eri*or  in  tabulating  the  results. 

For  instance,  take  at  random  from  our  records  an  example.  Of  iron 
F,  IJ"  diameter,  the  test-piece  was,  before  fracture,  .564  of  an  inch  in 
diameter;  it  broke  at  12,700  pounds  stress;  reduced  to  the  squai^e  inch, 
this  gives  50,840  i}ounds.  The  diameter  is  recoi^led  as  having  reduced 
to  .415  of  an  inch.  Assume  that  the  error  of  four-thousandths  has  been 
made  and  that  the  actual  diameter  was  .411  of  an  inch,  in  that  case  its 
actual  strength  per  square  inch  of  fractured  area  was  95,704  pounds, 
while  we  have  recorded  it  as  93,865  pounds,  an  error  of  over  eighteen 
hundred  pounds.  Such  an  error  is  possible,  and  without  great  care, 
probable;  but  it  could  not  be  made  in  measuring  the  diameter  of  the  as 
yet  unbroken  piece  without  gross  carelessness,  the  taper  being  long 
and  gradual;  and  an  error  of  a  thousandth  of  an  inch  seldom  is  made. 
If  in  measuring  the  original  area  an  error  of  four-thousandths  had  been 
made  there  would  have  been  an  error  of  but  722  pounds  in  the  tabulated 
strength,  the  error  in  measurement  of  one-thousandth  of  an  inch,  which 
is  possible,  making  an  error  of  184  pounds  in  the  result.  Thus  the 
tensile  strength  per  square  inch  of  original  area  is  more  liable  to  be  free 
from  errors  arising  from  inaccuracy  than,  is  that  of  the  fractured  area. 

But  neither  of  these  measurements  provides  us  with  a  standard  by 
which  we  can  Judge  of  the  relative  amount  of  change  of  form  that  takes 
l>lace  with  diflferent  irons  at  the  moment  when  they  finally  cease  to  resist 
an  increase  of  stress;  this  deficiency  is  supplied  in  the  area  at  the  tensile 
limit,  which  is  that  which  corresponds  to  the  diameter  of  the  test-i)iece 
as  affected  by  the  highest  stress  the  material  is  capable  of  resisting,  and 
not  by  subsequent  stress  applied  to  a  rapidly  yielding  metal. 

Length  of  test-piece. — Not  only  the  resultant  strength  obtained  by  test- 
ing a  piece  of  iron,  but  the  value  of  the  "  percentage  of  elongation,"  as  a 
factor  by  which  to  judge  of  the  ductility,  depend  upon  the  length  of  the 
test-piece  being  known.  Our  exi)erimeiits  show  that  if  an  iron  is  judged 
by  a  test-piece  whose  length  is  less  than  four  diameters,  the  judgment 
is  wrong. 

The  following  illustration  shows  the  form  of  test-piece  adopted,  and 
the  contrast  between  the  action  of  coarse,  brittle  iron  and  that  of  a  soft. 
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ductile  nature,  under  tension,  as  also  the  effect  which  can  be  produced 
by  thorough  reworking.  The  first  is  a  specimen  turned  from  contract 
chain-iron  wliich  broke  at  a  stress  of  48,000  pounds  per  square  inch,  with 
but  little  change  of  form;  the  second,  whose  original  dimensions  were 
the  same,  is  from  the  siime  material  reworked,  and  was  brokeu  at  51,000 
jiounds  per  square  inch. 

ACTUAL  STRENGTH,  AND  STRENGTH  AND  ELASTIC  LMIT  PER  SQUARE 

INCH,  OF  959  BARS  OF  ROUND  IRON. 

In  the  following  table  the  stresses  by  tension  required  to  rupture 
many  of  the  bars  we  have  tested  are  arranged  in  their  relative  order, 
the  greatest  stress  required  being  given  precedence  upon  each  size. 

In  the  columns  where  the  stress  is  reduced  to  the  square  inch,  the  area 
corresponding  to  the  actual  <liameter  of  the  bars  has  been  used.  This 
gives  a  more  correct  estimate  of  the  relative  order  of  tenacity  than  the 
first  column,  in  which  bars  frequently  gain  or  lose  in  precedence  on  ac- 
count of  excess  or  lack  of  material,  some  being  rolled  "full^  and  others 
**  scant." 

This  is  shown  in  regard  to  the  sizes  above  1  j|^,  upon  which  inaccura- 
cies in  rolling  occur  most  frequently,  the  breaking  strain  per  square  inch 
being  given,  and  from  it  the  entire  strength  which  the  bar  would  have 
had  if  it  had  been  rolled  tiiie  is  also  calcidated  for  contrast. 

In  the  column  "  Standard  for  size,"  the  strength  which  we  have  found 
best  adapted  for  cable-iron  is  placed  for  compaiison. 

The  elaistic  limit  as  given  is  not  from  perfectly  accurate  data ;  it  is 
simply  the  amount  of  stress  which  produced  the  first  perceptible  change 
of  form,  divided  by  the  bar's  area. 

Our  method  is  necessarily  coarse,  and  it  is  probable  that  in  most  cases 
we  have  recorded  too  high  results.  The  determination  with  exactness 
of  the  elastic  limit  is  difticult  and  expensive.  The  process  of  procuring 
it  by  the  "  first  stretch  "is  easy  and  inexpensive,  and  the  results  obtained 
are  generally  nearly  correct,  especially  when  the  fact  is  taken  into  con- 
sideration that  a  slight  difference  in  the  heating  of  the  piles  may  produce 
a  difference  of  several  thousand  pounds  x>^r  square  inch  in  the  limit  of 
elasticity  of  two  bars  oi  the  same  lot  and  of  the  same  diameter.  With 
testing-machine  A  we  could  observe  a  stretch  of  from  .01  to  .03  of  an 
inch  5  with  B,  we  could  obseire  that  of  .002.  But  even  with  B  the  results 
are  at  times  inaccurate.  Certain  irons  with  low  tenacity  but  high  elastic 
limit,  will  remain  apparently  unchanged,  then  in  an  instant  give  way^ 
and  De  found  to  have  stretched  four  or  five  thousandths  of  an  inch. 
On  pages  14  a  series  of  comparisons  is  given  by  which  it  can  be  seen 
that,  with  due  care  in  observing,  the  elastic  limit  as  observed  by  first 
stretch  is  quite  accurate  enough  for  all  practical  purposes.  iTiese 
abstracts  ftt)m  the  data  obtained  by  tension  upon  bars  are  introduced 
here,  as  they  furnish  us  with  a  portion  of  our  working  data  used  in  the 
calculation  of  the  proof- table.  The  detailed  history  of  the  tests  is  given 
in  the  tables  of  record  of  bars  tested  by  tension. 

The  table  on  page  16,  showing  the  ratios  which  we  find  to  exist  be- 
tween the  elastic  limit  and  ultimate  strength  of  various  bars,  has  results 
which  have  furnished  us  with  a  maximum  ratio  of  stress  which  can  be 
considered  safe  to  apply  to  a  cable  for  proof. 
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TESTS   OF   METALS. 


Strength  per  original  area,  per  equare  inckj  and  eUatio  limit  per  square  inch  of  959  round  ban . 
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3 
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3 
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90 
9 
9 
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5 
1 

94 

48 
35 


Lbt.    j  Lbs. 
3, 990  59,  dd5 


5,886 

19,311 
11,099 
11,388 
10,881 
10,  359 


Lbt. 
54. 090     40, 9&a 


Lbi. 


11     16, 971 

4     15, 93d 

11     17, 614 


60,700 
5:1,000 
57,  700 
55,400 
53.375 

5i,  450 
53,050 
57,660 
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39, 126 
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4     33, 746  I  51,  546     35,  933 


30,850 

48,480 
48,000 
46.000 
45,040 
44.5U0 
44,136 
44,450 
49,350 
41,600 
41, 547 
40,660 
40,309 

60,096 
58,700 
57,195 
57,630 
56,500 
96,900 
55,100 
55,143 
54,800 
54,360 
53,997 
53,050 
50,400 
50,300 
49,660 

73.960 
73.900 
71,040 
73,300 
70,704 
70,350 
69,300 
68.460 
68,160 
67,300 
66,600 
66,400 
66,113 
65,960 
65,850 
64,990 
64,700 
64,385 
63.530 
61,400 

74,497 

86,863 
87,496 


50, 630  33, 931 


IY« 


1  1  86,800 


61,797 
61, 115 
57, 363 
55,768 
57,807 
54, 690 
56,790 
53,915 
51, 931 
53.900 
53,  819 
51,400 

60,453 
59.583 
57,  470 
56,434 
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56,143 
55,937 
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54,644 
54.687 
53,900 
53,850 
53,035 
50.149 
53,367 
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56,  876 
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57,  977 
55,789 
56.334 
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55, 133 
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53,  753 
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53,739 
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57,  649 
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37,415 
34, 739 
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34.881 
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36.336 
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34,600 

37,344 
33,597 
31,900 
34.683 
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33,367 
37,950 
33,549 
34, 695 
38,166 
36,787 
33.457 
33,  410 
35,493 
3^019 

36.501 
36.868 
33,469 
31.996 
35.596 
33, 931 
33,351 
34,784 
38,166 
33,713 
38,603 
33,530 
97,643 


39,075 
39,608 

33,'9io 
30,730 

35,898 

37,548 
38,578 
33,159 


54,961 


65,914 
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73,133 
78,607 
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3 
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97 
1 
1 

90 

93 
9 
5 
4 
3 
1 
1 
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3 
3 
1 
5 
3 
1 
1 
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4 

10 
3 
4 
3 
3 
1 
3 
5 
1 
1 
1 
3 
1 
1 
1 
3 
1 


Lbt. 
82,  248 
81,600 
80,  693 
81,300 
8U,  360 
80,000 
79, 396 
78,994 
78,  634 
78,580 
78,300 
78,150 
76, 333 
77,3:i5 
73,  4O0 

89,300 
87,553 
86,400 
84,863 
84,000 
81,800 

108,135 
101,380 
101,300 
99,064 
98,730 
98,300 
98,047 
97,931 
97,930 
97.665 
97,350 
97,095 
96,384 
95,904 
95.  810 
94.809 
94.600 
94,590 
93,500 
93,400 
93,100 
93,700 
93,160 
91,680 
91,875 
91,400 
90,935 
90,967 
90,300 
87,100 


119, 
118, 
119, 
117, 
116, 
115, 
111. 
III. 
Ill, 
1 10, 
1 10, 
109, 
109, 
108, 
108, 
108, 
108, 
107. 
106, 


000 
463 
800 
500 
89-2 
500 
984 
360 
300 
140 
500 
400 
345 
800 
500 
384 
000 
530 
800 


2*^ 
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Lbt. 
55.790 
5J,  949 
54, 37? 
54. 377 
53.  968 
5-2,733 
5*2, 354 
53,557 
53,556 
53,537 
53,  339 
53,016 
51,487 
51,396 
50.594 

53,345 
53,944 
53.938 
53,387 
51,756 
50,400 

57,059 
57. 317 
56,505 
55,466 
55,131 
54,159 
54,540 
55,404 
55, 415 
54,816 
54,354 
54,095 
54.544 
59,868 
53,519 
59,941 
59,819 
53,491 
59,736 
53,555 
53,700 
53,463 
53. 155 
51,884 
51,994 

50,  919 
51,456 

51,  481 
51,047 
49,393 

56,344 
57. 133 
57,  40-2 
55.634 
56,337 
54,689 
54.334 
53, 695 
53,339 
53,537 
53,614 
53,  748 
53,675 
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51, 946 
53,401 
52,163 
51,905 
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31,034 
31,030 
35,820 
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33,  375 
34,606 
35,  930 
33.650 
30.802 
34,469 
39. 103 
35,379 
35,911 
31,993 
34, 940 


33.543 
33,534 
3^411 
33,655 


36.417 
33,413 
33,496 
34,780 
33,771 
33,140 

■■•••••I 

34.770 
33,869 
34,716 
34,617 
35,544 
33,097 
99.636 


34,840 
34,307 
34,901 
34,690 
35,880 
89,992 
87,708 
88,794 
33, 054 
33,313 
34. 591 
34, 917 


33,597 

3!$,  889 
35.026 
35,701 
33,533 
33,907 
33, 427 
38,163 
30,087 
33, 540 
34.335 
30,664 


33, 745 
35,870 
99,364 
97, 695 
34, 013 
33,907 
33,318 


M 
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OQ 


Lbt. 


85,339 


93,391 


107,040 


TESTS   OF  METALS. 
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Strength  per  original  area,  ^c. — CoDtinoed. 
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116.544 
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50.529 
50.970 
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56,595 
54.181 
54,114 
99,895 
59,190 
57,789 
49,821 
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Strengik  per  original  and  corrected  areas  per  square  inch  and  elastic  limit  per  square  inch 

o/959  bars  of  round  iron. 
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35,864 
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Method  of  test  and  machine 
aaed. 


t.  m.  A,  rongh  hars. 


48,249    31,413 

49,146    33,068 


14  TESTS   OF   METALS. 

Strength  per  original  and  corrected  areas  per  square  inch  and  elastic  limit ,  if-c. — Continaed. 
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51.296 
48,812 
48,898 
49,164 
49,290 
46,866 
47,344 
48,475 
47,428 
46,446 
47, 761 
47, 014 
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Comparieon  of  the  elastic  limit  as  obtained  by  carnal  test  and  by  observing  first  stretch. 
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a 

*>  M 

1 

1^ 

« 

•^ 

o 

P^ 

Lbs. 

Lbs. 

36,4.57 

36,407 

40,534 

40,554 

37,771 

38.802 

39,650 

31.830 

31,800 

32. 070 

31,  942 

35.  714 

35,523 

28,664 

28.664 

26,058 

27,539 

36,220 

26,526 

30,927 

30,799 

26,51K) 

26,520 

30,560 

30,430 

1^ 

Is 


Lbs. 

35,087 
39,103 
39.606 
35,  493 
39.066 
34,702 
34,335 
34,279 


33,426 
36,960 
35,096 
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Beomrd  in  deUHl  of  the  lesta  by  which  the  elastic  limit  of  pieces  in  previons  table  were  obtained^ 


9 
i 


D...  ! 

D 

D....I 

F3d., 

r3d. 

F3d.; 

EM. I 

F3d. 

F3d. 

F3d 

F3d. 

F3d. 

FSd. 

F3d. 

F3d. 

F3d. 

FX... 


9 


S 

II 

U 

1 

U 

it 

U 
H 

n 

H 

2 

n 

3 
1 

If 

2 


Cx... 

11 

Cx... 

1 

Dx... 

If 

Dx... 

1 

P.... 

H 

F.... 
F.... 

n 

F.... 

3* 

F... 

3i 

¥.... 

31 

F.... 

4 

Original  dimen- 
aions  of  teat- 
piece. 


a 
« 


// 


4.860 
2.960 
3.520 
2.568 


2.674 
2.965 
3.182 
3.642 

a  975 
4.187 
4.989 
4.846 
4.846 
4.904 
4.904 
9.490 
a050 
4.992 
S.963 
2.494 
a  016 
2.505 
4.990 
4.970 
4.970 

&000 

4.900 
4.900 
4.900 

4.900 


S 

s 

08 


II 


•A  s 

i.  » 

C.£3 

.3" 


I 


"5 


Dimensions  of 
test-piece  after 
stress  WAS  re- 
laxed. 


is  o 

GO 


R 


a 

eg 


1.000 
a  725 
0.920 
a504 


>  Pounds.  Poundg. 
18,200  1  18,250 


// 


0.552 
0.601 
0.650 
0.721 

a802 
0.877 
0.997 
0.997 
0.995 
1.000 
l.OOl 
0.500 
0.724 
1.000 
0.601 
0.497 
0.600 
0.500 
0.999 
0.999 
1.002 

0.999 

1.000 
L002 
1.003 

1.002 


10,000 
7,300 
7,700 


10,050 
7,400 
7,750 


9,600  I  9,700 

'  10,150 

11.900  !  12,090 

14. 000  14, 140 


4.862 
2.990 
2.530 
2.648 


// 


1.000 
0.721 
0.407 
0.497 


19,680 

22,400 

25,250 

24.900 

23,700 

19.750 

19.000 

6,950 

13,100 

24,050 

7,500 

5,950 


9,950 
19,300 
19,150 
20,100 

19,000 

19,000 
18,100 
18,150 


19,700 

22,450 

25,350 

25.000 

23,600 

19,850 

19,100 

7,0.)0 

13,300 

2.%  000 

7,550 

6,000 

7,500 

6,000 

19,400 

19,250 

20,200 

19,100 

19,100 
18.200 
18,250 


2.680 
a  007 
a  185 
a  644 


4.393 
5.086 
4.917 
4.923 
4.945 
4.928 
2.509 
a060 
5.104 
2.992 
2.516 


18, 700  *  18,  800 


2.520 
4.996 
4.975 
4.976 

5.005 

4.910 
4.910 
4.915 

4.920 


0.549 
0.595 
0.648 
0.727 


0.862 
0.986 
0.989 
0.988 
0.997 
0.998 
0.495 
0.719 
0.987 
0.509 
0.490 


0.498 
0.998 
0.997 
1.000 

0.998i 

a998 
0.997 
0.998 

1.000 


Amonnt  of 
chsDj^e  by 
stress. 


p 
o 


Q 
O 


// 


0.003 
0.010 
0.  030 
0.060 


0.006 
0.043 
0.003 
0.002 


0.136 
0.097 
0.077 
0.083 
1.041 
0.024 
0.019 
O.OIO 
0. 113 
0.009 
0.023 


0.015 
0.006 
0.005 
0.006 

0.005 

0.010 
0.010 
0.015 

0.020 


// 


0.000 
0.004 
0.497 
0.0U7 


0.003 
0.006 
0.002 
0.000 


0.015 
0.011 
0.008 
0.008 
0.003 
0.003 

a  005 

0.005 
0.013 
0.0U2 
0.007 


0.0ih2 
0.001 
0.002 
0.002 

0.005 

0.003 
0.005 
0.004 

0.003 


& 

a 
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I 


94.750 
24.555 
25.630 

94.370 

24.319 
23.090 
3a  140 

23.840 


Bemarkt. 


Lost. 


Abonthalfathoa 
sandtli  redaction. 
Lost. 


Seamy  and  open. 

Seamy  and  slli^lit 

cracks. 
More  open  than 

the  first. 

Seamy  and  very 
open. 
Do. 


These  large  bars  diftered  from  the  small  ones  of  same  iron,  in  that 
the  fiber  was  coarser  and  more  oi>en,  and  in  no  case  did  the  si)ecimen, 
after  once  beginning  to  stretch,  recover  its  original  dimeusions. 
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Batios  found  to  exisi  between  the  elastic  limit  and  ultimate  strength  of  various  irons. 

Number  of  tests. 

Bars  with  surface  in*     Bars  reduced  by  tom* 
tact,  ratios.                        ing,  ratios. 

Cylinders  turned  from 
bars,  ratios. 

Xame  of  iron. 

Highest. 

i 

i 

< 

1 

J 

• 

6 

1 

> 
< 

i 

s 

i 

5 

'      2 

> 

A. 

33 

14 

«5 

4 

4 

8 

9 

15 

7 

17 

44 

92 

90 

19 

5 

6 

3 

18 

39 

16 

9 

31 

94 

Per  et.    Per  ct, 
69            45 
66.6         51.3 
66.6  1      59.6 
64            48.3 

PercL 
57.5 
61.4 

Peret 

Per  et. 

Peret. 

P«r  oe. 

Peret. 

Per  et. 

B 

'4.\4 

1 \]\.>."\][Vi 

0              

57.3    

56.3  1 

.  ..  '..   . 

c    

I 

c 

1      61 
....... 

55 

.. a.....  ^  .......  .      ........ 

.••.•••.■.••.....      .....aa. 

D 

■  57.  8        50 
66.6        54.7 
68. 2  .      49. 1 

54.5 
61.9 
57 

.••.....1.  .......'.  ...._.. 

D 

1 

1 

E   

; 

E    

5a9 


4^7 

59.4 

F 

65.7         60 
70.  6         47.  8 
76.9  ,      63.7 

69 

6-2.8 
•10.7 

P 

..I..II.!.;!!;!!!-  -  "--■' 

F 

F                 

89            54 

63*7 

F    

*  io.  7 

65.5 

67.9 

F    

74.8  ;      69 

71.7 

G 

71.9        61.1 
57.1  1      51.7 
69. 8        54. 1 

*"76.'4'  ""si'i 

69      1      60 
69.8         56.1 
66.8         42 

66.5 

55 

59 

H 

K  

K 

•••••• 

-••■■••• 

57.3         50.4  ,        54 

V 

69      1 

64.9     

1 1   

o 

p    

6ii 

•••••• 

..•..•••      •••...  ..I..  ....a. 

Cr^m  mered . .. 

56 

....  ....i  .......  .1   ....    .        .. 

( 

Thus,  by  the  results  of  385  tests,  we  fiud  au  average  ratio  of  00  i>er 
cent,  between  the  elastic  limit  and  ultimate  strength  in  the  rough  bar^ 
using  the  average  of  each  iron  as  a  single  factor ;  but  from  this  average 
there  are  wide  variations,  as,  for  instance,  between  iron  K,  with  its  high 
tensile  strength  and  comparatively  low  elastic  limit,  and  inm  F,  which 
has  the  reverse  qualities. 

The  Bar— Part  II. 

INVESTIGATION   OF    THE   EFFECT  OF    DIFFERENCES  IN    THE    AMOUNT 

OF  REDUCTION  BY  THE  ROLLS. 

In  procuring  material  upon  which  to  make  tests  by  tension,  both  in 
the  bar  and  link  fonn,  our  custom  was  to  purchase  from  manufactui-ers 
at  least  one  bar  of  each  size  ordinarily  used  in  chain-cables.  Testing' 
these  bars  in  their  normal  condition  by  tension,  it  became  evident  tha  t 
the  strength  of  the  ditt'ercnt  sizes  was  not  in  i)roportioii  to  their  areas  v 
but  that,  on  the  contrary,  there  existed  a  variation  in  proportional 
strength  which  was  in  accord  with  variations  in  the  diameter  of  the- 
bars.  In  general  terms,  it  was  found  that  as  the  diameter  of  the  bars, 
became  less,  the  strength  per  square  increased ;  but  in  comparing  the 
results  obtained  from  a  number  of  siu*h  sets  of  bars,  it  became  evident 
that  the  increase  of  strength  fi-om  between  the  two  extremes  of,  say,  2'^ 
and  1"  was  not  created  by  a  series  of  uniform  steps  upon  each  successive- 
reduction,  but  that  there  was  one  i)oint  in  the  reductions  where  a 
decrease  took  the  place  of  the  usual  increase,  and  that  from  this  point  the- 
increase  again  began,  and  generally  by  more  rapid  steps. 

Thus,  the  2''  bar  was  of  less  strength  than  the  1  J" ;  it  of  less  than  the- 
1|'',  which  was,  in  turn,  of  less  than  the  1§'',  but  the  strength  of  the  1|'' 
w^as  gi-eater  than  that  of  the  1^" ;  the  If",  1  J",  1  J",  and  sometimes  the 
1",  being  each  of  increased  strength  in  the  order  given. 

We  found  that  with  a  set  of  bars  of  the  above  sizes  the  difference  iu 
proportional  strength  between  the  extremes  was  from  four  to  six  thou^ 


TESTS    OF   METALS. 


17 


sand  iRmmls;  that  the  tenacity  of  tlie  1§"  exceerhMl  that  of  tlie  2"  from 
two  to  three  thousand  i>oun(ls,  and  that  of  the  1  J"  from  one  to  three 
thousand  j)oiinds. 

As  we  became  fully  satisfied  that  these  variations  did  exist  in  all  uni- 
form kons  which  we  examined,  we  considered  ourselves  justified  in 
assuming  that  they  would  probably  occur  generally  with  other  irons,  and 
that  so  occurring,  their  existence  should  l)e  taken  into  consideration  iu 
any  attem[)t  to  calculate  the  sti-ength  of  liuks  or  other  articles  made 
from  bar-iron  of  various  sizes. 

Experiments  at  the  testing-machine  afforded  no  indications  by  which 
we  could  determine  anything  in  regard  to  the  causes  of  these  variations. 
We  therefore  undertook  to  watch  all  of  the  processes  connected  with 
the  manufacture  of  a  "set  of  bars,"  in  hopes  that  while  so  doing  we 
should  be  able  to  detect  the  hidden  reason. 

At  our  first  \isit  to  a  rolling-mill,  a  set  of  bars  were  prepared  of  care- 
fully seleiited  material,  and  careful  notes  were  taken  during  the  process 
of  manufacture,  which  are  hei'ewith  reproduced. 

There  were  two  bars  of  each  size  rolled. 

NOTES  Df  REGARD   TO  ^lANlTFACTURE   OF. 
Iron  F. — Second  lot. 


1 

• 

i 

Xamber  of 
paMes. 

JS     1 
2    i 

i 

Kaml>er  of 
pasMs. 

1 

^i 

•Si 

a 

i 

|S 

B% 

^ 

S^i 

•." 

Sn 

g-s. 

m 

e   1 
S  ' 

a 

Bqaare  Round 

«      1 

O 

S 

Square 

Ronnd 

1 

•«i« 

o 

rolls.       roIU. 

s 

rolls. 

rolla. 

/< 

//    //     II 

A.OT. 

1 

Uin. 

//      II       II 

Km. 

Uin. 

s  : 

6  z  10  z  36 

S  OA 

15  ;         9 

m 

6x6z96 

I  26 

13 

10 

05 

9 

6  z  10  z  M 

9  IS 

15              9 

08 

6  z  6  X  26 

1  3-J 

13 

8 

05i 

12 

6  z  10  z  S4 

9  02 

15              9 

07 

6  z  6  X  21 

1  00 

15  1            8 

05 

i! 

6  z  10  z  24 

9  9  i 

15              8 

07 

6  z  6  X  21 

1  04 

15              8 

04 

H 

6  z  10  z  91 

1  40 

17              9 

07 

6x6x  14 

1  20 

15  !            8 

04 

U 

ffz10z9l 

1  49 

17              9 

06 

6  X  6  z  14 

1  20 

15  1            8 

04 

If 

6  z  10  X  18 

1  35 

15              9 

06 

1  1 

6  X  6  X  12 

1  lU 

15  ;            8 

04 

U 

6  z  10  z  18 

1  40 

15              9 

06 

m     , 

6x6x  12 

1  10 

15               8 

04 

, 

6  X  4  X  14 

1  JO 

15               8 

04 

1 

t 

] 

6  x  4  z  14 

1  10 

15               8 

04 

A  study  of  these  notes  indicated  that  if  there  proved  to  exist  any 
Diarkeil  diflferen(ie  in  the  characteristics  of  tlie  ditl'erent  bars,  it  could 
not  be  considered  as  owing  to  want  of  care  in  their  preparation. 

Xo  accident  caused  delays  while  passing  through  the  rolls,  and  the 
number  of  passes  was  quite  uniform.  In  two  case>s  there  are  indica- 
tious  of  a  possible  irregularity,  due  to  irregularity  in  heating. 

The  If"  bar  was  first  taken  from  the  furnace,  and  although  pro- 
nounced '^not  quite  hot  enough,"  was  rolled.  After  which  the  IJ'', 
which  was  the  next  one  rolled,  was  kept  in  the  furnace  nearly  half  an 
hoar.     In  the  records  from  this  bar  we  look  for  the  effect  of  underheat- 

IDg. 

One  of  the  IJ"  bars  was,  through  accidental  causes,  retained  in  the 
fiimace  twenty  minutes  after  the  other  had  been  rolled.  As  during  this 
tune  the  heat  was  not  reduced,  it  was  expected  that  by  the  records  of 
the  two  bars  of  this  size  (hita  as  to  the  effect  of  overheating  would  be 
procured.    We  were  not  disappointed  in  either  case. 

These  were  the  only  exceptions,  through  accident,  to  regular  treat- 
sientj  but  iu  the  ^^ dimensions  of  the  piles"  we  find  the  key  to  the  piob- 
leaa,  lor  if  vanations  in  the  amount  of  work  given  to  a  set  of  bars  can 
produce  variaftions  in  their  characteristics,  it  was  to  be  expected  here, 

H.  Ex.  98 2 
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where  the  2"  pile  was,  by  the  rolls,  reduced  twenty  fold,  the  Ig",  thirtjf 
fokl,  aud  the  1^",  thirtysix fold. 

The  areas  of  the  piles  fi*om  which  the  2",  IJ",  If",  and  1§"  bars  were 
rolled  were  the  same,  ^iz,  60  square  inches;  those  of  the  piles  from 
which  the  li",  If",  l|",  and  IJ"  were  rolled  were  also  uniformly  equal 
to  3G  square  niches,  that  of  the  1"  bein^  equal  to  24  square  inches.  By 
contrastiufr  the  areas  of  these  piles  with  tiio.se  of  the  resultant  bars,  it 
will  be  seen  that  there  was  a  very  different  amount  of  reduction  |)ro- 
duced  by  the  rolls,  as  follows : 

Irox  F.— Skconp  lot. 


Size  of  bar. 

i 

Area  of  liar. 

.S  9 

if- 

*  5  ■ 

IS.-5. 

'     Size  of  bar. 

1 
1 

Area  of  pile 

• 

J 

o 

« 

< 

Bars' area  in 
per  cent,  of 
piles. 

9" 

60 square  inches. 

••••00  .••••••.•.. 

3. 1416 
2.  7612 
2.4053 
2.0739 

5.23 

4.6U 
4.01 
3.45 

U" 

36  square  inohcs 
. . . do  .......... 

1. 7671 
1.4P49 
1.2-272 
0.9940 
0.7854 

4.91 

11" 

if .::::::;:::: 

4.13 

U" 

. ...do  ........... 

U" 

,  U" 

1" 

...do 

...do 

S4  square  inches 

3.41 

\Vi 

....do 

9.76 

3.27 

Thus  the  bars,  as  they  successively  decreased  in  diameter  from  2"  to 
1|",  inclusive,  were  reduced  by  the  rolls  each  to  a  greater  extent  than 
was  its  immediate  predecessor.  At  the  IJ"  size  the  reduction  was  but 
slightly  less  than  with  the  2",  but  fix)m  this  point  increased  up  to  and 
including  the  1^".  This  coincidence  between  the  generally  observed 
results  and  the  apparent  causes  was  striking. 

The  tenacity  of  these  bars  agreed  to  some  extent  with  the  amount  of 
reduction,  but  not  so  closely  as  had  been  expected.  Their  order  of  com- 
parison of  reduction,  and  tenacity,  as  judged  by  the  tests  of  entire  bars 
and  cylinders,  was  as  follows : 


Order  of  value. 

Remarks. 

i 

00 

H 

1* 

'  U 
2 

Order  of  value. 

. 

Bedactionof 
area. 

Tenacity  as— 

Redaction  of 
area. 

Tenacity  as— 

Remarks. 

Bar. 

Cylin. 
der. 

Bar. 

Cvlin- 
der. 

// 

1 

n 

ift 
u 

2 

1 
3 
6 
8 

1 

4 
2 
3 
5 

1 
2 
3 
7 
5 

Underheated.            | 

1 
1 

1 

4  1          6              4 

5  7              6 

7     1          P              8 
9              9              9 

Overheated. 

It  is  to  be  noted  that  the  under  heated  If",  which  as  entire  bar  ranked 
No.  3  in  tenacity,  as  a  cylinder  ranked  below  most  of  those  less  reduced. 

Subsequent  experiments  with  other  irons  led  us  to  believe  that  all  of 
the  above  bars  received  so  much  work  that  the  slight  differences  be- 
tween the  amounts  received  by  the  different  ones  did  not  amount  to  a 
large  proportion  of  the  entire  work  received;  hence  that  its  effect  was 
lost,  and,  judging  by  the  1§"  bar,  it  seemed  probable  that  slight  and 
nnnoticed  in'egularities  in  heating  pro<luced  effects  which  canceled  that 
due  to  variations  in  reduction.  This  belief  was  strengthened  by  the  con- 
trast in  action  of  the  IJ"  and  If"  bars;  the  former  was,  we  knew,  slightly 
overheated  and  the  latter  rolled  at  too  low  a  heat.  In  additicm  to  the 
differences  in  strength  between  the  entire  bar  and  the  cylinder  of  the  1|", 
we  had  noted  other  points  of  difference :  the  bar  was,  as  compared  with 
the  others  of  the  lot,  very  brittle,  two  of  the  test-pieces,  as  entire  bars, 
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separating  at  the  juncture  of  the  clamping-head  with  the  cylinder,  show- 
iuo^  bi'iglit  crystalline  appearance. 

The  IJ"  bar,  on  the  contrary,  was  very  soft,  so  that  in  turning  the  cyl- 
inders shavings  over  30  feet  in  length  were  pro(*iu'e4l,  and  the  elastic 
limit  was  fully  10,(KX)  pounds  lower  than  that  of  another  not  overheated 
bar  of  the  same  lot  and  size,  as  shown  below. 

mastic  limit— V%  32,2i}l  pounds;  IJ^",  ;$2,019  pounds;  IJ",  33,222 
pounds;  1|",  34,409  pounds;  li",  34,r>lll  pounds;  Ig",  33,<)25  pounds; 
If,  29,921  pounds;  U",  33,or).f  and  23,24,3  pounds;  2",  28,792  pounds. 
Tlie  underheiited  1|"  having  a  high  elastic  limit,  only  equaled  by  the 
H'\  which  was  also  somewhat  under  heated ;  the  bar  having  been  left  in 
the  furnaces  during  the  dinner  of  the  men,  tlie  heat  was  givatly  I'etluced. 
The  If"  and  2"  piles  were  both  delayed  in  the  furnace  by  the  same  cause 
which  delayed  the  IJ",  but  the  heat  was  lowered. 

Tlie  experiment  wa«  i'ei>eated  by  watching  another  set  of  bars  rolled 
by  the  same  mill,  of  the  same  material,  the  set  comprisuig  bars  of  all 
sizes,  ranging  by  J  of  an  inch  from  4-inch  diameter  to  ^-inch  diameter. 
The  iron  was  very  carefully  heated,  and  received  a  very  uniform  number 
of  passes  through  the  rolls ;  the  sizes  from  J"  to  J'^,  averaging  12  parses 
(11  to  13)  through  rough  and  12  through  tinishing-roUs,  fix)m  1''  to  2", 
inclusive,  averaging  12  through  rough  and  12  through  finishing-rolls, 
and  from  2J"  to  4",  10  through  rough  and  13  through  finishing-rolls.     4 

The  dimensions  of  the  piles,  the  proportion  borne  by  the  areas  of  the 
resultant  bars,  and  the  tensile  strength  and  elastic  limit,  per  square  inch 
of  the  bars,  as  found  by  tests  made  upon  them  entire  and  upon  cylin- 
ders turned  from  the  cores,  are  given  in  the  following  table : 

Iron  F— Third  lot. 
ComparisonB  of  the  reduction  bjf  the  rolls,  mtk  the  effects  upon  ienacitif  and  eUutio  limit. 


i^ 

i 

i^ 

.2 

1 

i-s 

^ 

Km 

S 

o 

2 

35 

< 

< 

It 

So.  in. 

Percent 

4 

80 

15.70 

31 

80 

13.80 

3i 

80 

IS.  03 

H 

80 

10.37 

3 

{•0 

8.83 

2i 

80 

7. 12  , 

^h 

80 

6.13  ' 

2i 

79 

5.5*i  ' 

3 

72 

4.36 

n 

36 

7.67 

u 

36 

6.68 

1* 

36 

5.76  1 

l.V 

36 

4.90  1 

111 

36 

4.13 

H 

36 

3.41 

u 

95 

3.96  ■ 

1 

25 

3.14 

i 

m 

4.91 

3 

Ui 

m 

3.60 

a 

2.50 

:  • 

9 

2.17 

. 

0 

3.68 

*  ' 

3 

1.60 

T«n«Ue  strenicth. 


i 

S 

S 


Pottnde. 


47. 344 

48,  505 
47.  872 

49,  744 
50,547 
.tO.  5-29 
50,H20 
52,:J39 
52, 729 
50,149 
51,921 
50,716 
50,673 
52, 297 
52,275 
51,098 
57,000 


3 
o 


Pounds. 
46,322 
46, 667 
47,000 
47.014 
47.  761 

46,  4«^6 

47,  42?? 
49,  *I0 

48,  -.80 
49, 370 

48,  792 
49, 144 
51,838 
48,819 

49,  801 
50, 5:w 
51, 128 

50,  374 
50,276 

51,  431 

52,  775 
54, 108 
59,585 


ElasUo  Umit. 


a 


rounds. 


„  I 


29.  7.')8 
31,2t'.7 
35,  864 
35,  615 
35,  054 
35,  304 
35,087 
39,  103 
39.  6. '8 
35.  4J)3 
39,066 
33,  931 
3,3,  933 
34,450 
3-,  445 
38,475 
LoBt. 


i 

3 


Poitnde. 
23,430 
23,636 
24, 961 
24,  591 
26,  4ri0 
26,333 
29.  941 
32,163 
31.  892 

37,  042 

38,  992 
34,  208 
36,467 

'"  46,534 

37,  771 

38,  596 
33,931 
35,933 
34,  545 
39,126 
40,  098 

Lost. 


A  study  of  the  preceding  table,  in  connection  with  the  subject  under 
ivestigation,  shows,  first,  that  ui>on  the  9  successively  decretising  sizes, 
iz,  from  4"  to  2",  there  was  but  one  exception  to  a  constant  rise  in 
Jnacityj  accompanying  the  increase  of  reduction  by  the  rolls,  and  that 
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the  elastic  limit  rose  upon  each  Buccessive  step  with  two  exceptions, 
which  are  very  sligiit,  it  falling  oft'  350  i>oun(l8  iu  oue  and  07  iwniids  in 
another  instance;  the  tenacity  of  the  2"  (4.36  per  cent,  of  pile)  beinj? 
over  that  of  1"  (15.70  per  cent,  of  pile)  1,106  pounds  and  the  ela,stic  limit 
8,462  pounds. 

From  IJ"  (7.67  per  cent,  of  pile)  to  IJ"  (3.41  per  cent,  of  pile)  the  ii-on 
was  somewliat  in'egular,  and  there  was  but  a  slight  rise  in  tenacity,  viz, 
431  pounds,  but  in  the  elastic  Hnut  the  rise  was  4,993  pounds. 

The  tenacity  of  the  J"  (4.91  per  cent,  of  pile)  wa*  but  104  pounds 
greater  than  that  of  1  J"  (4.90  per  cent,  of  pile),  that  of  §''  (2.50  j^er  cent, 
of  pile)  nearly  corresponding  with  that  of  If  (4.12  per  cent,  of  pile). 

The  eftect  of  the  reduction  w  as  most  marked  on  the  smaller  sizes,  the 
^"  (2.17  per  cent,  of  pile)  having  nearly  5,000  pounds  less  tenacity  than 
the  i"  (1.60  per  cent,  of  pile). 

The  notes  taken  at  the  mill  do  not  indicate  that  either  bar  was  under 
or  over  heated,  but,  judgitig  by  the  results  of  the  pre\ious  experiment, 
there  are  indications  that  the  IJ"  bar  was  overheated^  inasmuch  as  the 
strength  of  the  core  exceeded  that  of  the  entire  bar. 

So  far  as  this  experiment  was  expected  to  aceount  for  the  usually 
found  greatei'  strength  of  the  1|"  bar  it  proved  a  failure,  for  it  was 
weaker  than  the  bars  immediately  succeeding  or  preceding,  but  we  con- 
sidered that  the  information  gained  as  to  the  probable  eftect  of  under  and 
aver  heating  was  of  value. 

The  indications  being  that  if  a  bar  is  utiderheated  it  will  have  an  unduly 
high  tenacity  and  elastic  limit,  and  that  if  orerheaied  tlie  reverse  will  be 
the  case;  further,  that  if  under  heated  the  strength  obtaine4l  by  a  cylin- 
der, turned  from  the  core,  will  be  less  than  that  which  would  be  obtained 
by  testing  the  entire  bar,  if  the  diameter  be  small,  and  greater  if  the 
cylinder  is  turned  from  a  large  bjir. 

It  is  possible  that  the  above  two  points  are  interdependent,  as  the 
large  bars  are  more  apt  to  be  irregularly  heated  than  the  small  ones,  and 
some  portions  of  the  pile  must  be  in  a  state  tit  to  roll  before  other  }>or- 
tions  are  sufficiently  heated;  ihe^e  overheated  portions  we  turn  oft'  from 
the  bar  to  produce  the  cylindric^al  test-piece. 

!t  As  in  the  previous  experiment,  we  believed  that  the  thorough  work 
received  by  all  sizes  put  them  in  a  condition  which  prevented  tlie  eft'ect 
due  to  a  slight  dift'erence  in  the  reduction  being  plainly  manifest.  We 
therefore  selected  for  another  experiment  the  Ixirs  of  a  very  slightly 
worked  iron,  viz,  iron  X. 

Iron  N. 


IHmendons  of  pileSj  areatf  of  piles,  of  bars  in  percentage  of  those  of  piles,  tenacity,  clastic 

limit,  ^'c. 


«.. 

Q*^ 

ja 

e 

•^®s 

u 

OB 

i 

t^^ 

B 
(0 

«» 

jfbar. 

u 

1"*^ 

=5. 

o 

of  bfl 

oen 

aof  p 

9 
M 

o 

s 

^p* 

I 

n\ 

g 

• 

S 

s 

Sq.in. 

< 

H 

H 

II 

//       //          n 

Percent. 

Pound*. 

Pounds. 

s 

6  X  4}  X  S6 

27 

11.63 

51. 848 

3*2,461 

u 

6x4f  xSl 

«7 

10.88 

54,034 

3:i,  610 

u 

6  X  41  X  31 

87 

8.90 

55.018 

34,883 

ll 

6  X  4}  X  16i 

27 

7.68 

56.344 

35,889 

it 

4  X  3f  X  SS 

15 

11.78 

53,650 

34,090 

4  X  3i  X  S3 

15 

9.90 

54,877 

33,639 

It 

4  X  3|  X  17 
4  X  31  X  16 

15 

a  18 

56.478 

33,851 

15 

6.68 

56,543 

38,867 
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The  al>ove  I'esiilts  supplied  the  missing  eAidence^  with  one  exception, 
the  teuaeity  and  elastic  limit  increased  upon  each  successive  increase  in 
the  amount  of  reduction  by  the  rolls,  as  shown  moi'e  plainly  thus,  where 
thev  are  an*anged  in  the  ortler  of  their  i^ediu'tion :  1  J"  (6.62  per  cent,  of 
pile),  56,543;  l|"  (7.68  per  cent,  of  pile),  ;>(],.'U4;  IJ"  (8.18  percent,  of  pile), 
56,478;  If"  (8.90  per  cent,  of  pile),  55,018;  1|"  (9.00  per  cent,  of  pile), 
r>4,277;  l|"  (10.22  per  cent,  of  pile),  54,0:U;  2"  (11.63  per  cent,  of  pile), 
51,848;  IJ''  (11.78  per  cent,  of  pile),  53,550. 

Tlie  tensile  strength  of  2"  bar  Avas  probably  greater  than  recorded,  the 
iron  being  so  brittle  that  the  head  of  test-piece  pulled  off,  and  the  bar 
lonkl  be  broken  by  sledge  blows  without  previous  nicking.  This  iron, 
under  every  form  of  test,  showed  by  its  marked  contrast  with  iron  F  the 
disadvantages  which  follow  too  httle  work. 

Our  next  exi)eriment  was  with  iron  A,  and  the  dimensions  of  the  piles, 
areas  of  bars  in  percentage  to  that  of  piles,  tenacity,  elastic  limit,  &c., 
are  given  in  the  following  table. 

The  piles  of  this  iron  were  for  the  four  largest  sizes  10"  x  10",  and  for 
the  other  five  sizes  8"  x  9" ;  these  were  reduced  by  the  steam-hammer  to 
iV  X  6"  and  5"  x  5".  As  with  the  previous  irons,  we  have  neglected  all 
preliininaiy  work  and  based  our  research  upon  the  effects  of  the  final 
rolling  alone,  we  do  the  same  in  this  instance. 


Iron  A. 


1 

Area  of  bar 

Sit^  of  bar. 

Area  of  pile. 
Square  inches. 

in  per  cent, 
of  area  of* 
pile. 

Per  cent 

Tensile 
streogth. 

Elastic  limit. 

Kemarks. 

Inches. 

Pounds. 

Pounds. 

2 

AR 

8.-2 

50.171 

27.600 

U          1 

36 

7.67 

50,850 

27,500 

u 

36 

6.68 

51,509 

29,  400 

^*       I 

36 

5.78 

54,344 

32.900 

Underheated  when  rolled. 

1 

25 

7.07 

5l,8?*4 

28.800 

>  25 

5.94 

53, 557 

3;j.  000 

u 

25 

4.90 

53,879 

27,600 

u 

25 

3.98 

53,685 

27,650 

1 

25 

3.14 

54,690 

30,500 

The  preliminary  hammering  had  undoubtedly  a  great  effect  upon  this 
iron,  which  was  made  by  combining  old,  very  coarse,  and  brittle  chain- 
iron  with  old  boiler-iron,  and  in  regulanty  and  uniformity  was  very  liable 
to  prove  a  direct  contrast  to  iron  F,  which  was  cai^efuUy  made  of  select 
material,  yet  we  find  the  same  law  operating. 

On  the  "first  four  sizes  every  decrease  in  the  percentage  of  the  piles 
area  given  to  the  bar  was  followed  by  an  increase  of  tenacity  and  a 
higher  elastic  limit. 

Tlie  1|'',  through  accident,  got  quite  cool  before  it  was  rolled,  which 

probably  increased  its  tenacity.    With  the  five  smaller  sizes  tliere  was  a 

rked  increase  between  the  extremes ;  the  li"  (7.07  per  cent,  of  pile) 

nng  tenacity  2,800,  and  elastic  limit  1,700  pounds,  less  than  the  1" 

U  i)er  cent,  of  pile). 

Che  elastic  limit  was  generally  low,  but  in  this  resi)ect  this  iron  pos- 
;sed  a  feature  peculiar  to  itself— it  was  nuuh*  of  materials  differing 
»atly  in  strength,  and  the  weakest,  or  boiler-iron,  stretched  first,  then 
p  other  iron,  but  once  stretcliing  together,  it  would  resist  increased 
ess  with  verv  slight  cliangi*.  It  stivtdied  in  parts,  but  liroke  as  a 
it. 
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EXPERIMENTS  WITH  IRON  P. 

This  iron  was  made  iu  this  manner :  Puddled  iron  bars,  3"  and  6"  \iide, 
were  piled  endwise  and  crosswise;  this  pile  was  then  heated  and  ham- 
mered into  a  bloom  8"  square,  which  was  rolled  into  bars  C  wide  and  |" 
thick,  which  were  piled  length^vise,  10  deej),  making  a  pile  6"  x  7^",  for 
all  sizes  from  2"  to  IJ",  inclusive. 

The  IJ"  and  1"  bars  were  made  from  billets  3J"  square,  rolled  from 
the  blooms,  then  reheated  and  rolled  to  the  required  sizes. 

The  dimensions  of  i)iles,  &c„  are  given  in  the  following  table: 

Iron  P. 


Size  of  bar. 


Inchet. 
2 
U 

u 
n 
u 
II 

u 

1 


Area  of  pile. 


Square  inches. 
45 
45 
45 
45 
45 
45 
45 
45 
45 


Area  of  bar  in  per 
cent  of  area  of 
pile. 


Per  cent. 
6.98 
6.13 
5.34 
4.60 
3.91 
3.30 
S.73 
S.21 
1.74 


Tensile  strength. 


Pounds. 
50,  834 
in,  300 
52.849 
55,634 
54.145 
55. 330 
56,871 
57,  4»8 
59,755 


Elastic  limit 


Pounds. 
31,878 
32,313 
3.1, 4« 
33, 522 
33,140 
34. 762 
36,866 
Lout. 
39,230 


In  this  case  there  was  but  one  exception  to  the  constant  increase  of 
tenacity  and  elastic  limit  produced  by  the  increased  reduction  by  the 
rolls. 

The  If -inch  bar,  through  some  unknown  cause,  diflfered  greatly  from 
the  others,  both  in  action  under  stress,  and  in  appearance  of  fracture. 

All  of  the  others  showed  great  reduction  of  area  and  close  fibrous 
structure.  This  bar  broke  with  almost  imperceptible  reduction,  and 
showed  a  bright  crystalline  surface. 

This  iron  was  excellent  bar-iron,  but  had  received  too  much  work  for 
cable-iron,  its  welding  qualities  being  impaired,  and  the  forging  necessary 
to  produce  the  link  reduced  the  strength  of  the  part  forged. 

The  manufa€tiu*ers  prepared  another  set  of  bars  of  the  same  material 
and  by  the  same  method,  except  that  one  course  of  heating  and  ham- 
mering was  omitted.  Tlie  iron  was  i)iled,  also,  in  a  different  manner,  as 
will  be  seen  in  the  following  table,  which  gives  the  data  embraced  in  the 
previous  table. 

This  iron  was  distinguished  as  P.r  (or  P  experimental). 


• 

Ikon  Par. 

Area  of  bar  in  per 

Size  of  bar. 

Area  of  pile. 

cent,  of  area    in 
pile. 

Tensile  strengtb. 

Elastic  limit. 

Inches. 

Square  inches. 

Per  cent 

Potinds. 

Pounds. 

2 

49.5 

6.35 

52.  5!)9 

31. 198 

n 

45 

6.13 

51,  76'> 

32, 261 

42 

5.  72 

54,  212 

33,  908 

40.5 

a.  21 

54.  689 

33.  427 

40.5 

4.36 

54. 354 

34,617 

36 

4.11 

31.5 

3.89 

• 

56,334 

33.921 

The  results  are  irregular,  but  as  between  the  extremes  of  size  are  cou- 
firmatory  of  the  previous  experiments. 
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Further  confirmation  wa^  obtained  in  an  indirect  manner  by  the  results 
of  tension-tests  upon  iron  E.  We  tested  two  sets  of  bars  of  this  iron 
furnisheil  at  different  times ;  with  each  set  we  found  that  the  falling  off 
of  strength  usually  occurring  at  tlie  1^"  size,  did  not  take  place,  but 
tliat,  on  the  contrary,  the  IJ"  possessed  more  tenacity  than  the  1§",  and 
the  1|"  much  less ;  thus : 

First  set,  2",  tensile  strength  51,152;  1|",  52,0(H)j  li",  55,415;  1|", 
52,254  i>ounds. 

Second  set,  1|",  52,675;  1^",  54,544;  1|",  53,900  pounds. 

Upon  i>urehasing  a  third  set  of  bars  (which  have  not  yet  been  tested), 
the  dimensions  of  the  piles,  together  with  all  data  as  to  the  construction 
of  the  iron,  were  also  iiirnished,  and  upon  the  assumption  that  the  man- 
ner described  is  the  usual  manner  by  which  bars  are  rolled  at  this  mill, 
we  find  an  explanation  of  the  low  tenacity  of  the  1|''  bars  of  preceding 
lots. 

NOTES  IN  REGARD   TO  MANUFACTURE   OF   UNTESTED. 

Iron  E. 


I 

1 
Area  of  bar  in 

1 

Area  of  bar  in 

Size  of  iMff. 

Area  of  pile. 

perceDt-ofarea 
of  pile. 

Size  of  bar. 

1 

Area  of  pile. 

peroAttt.ofarea 
of  pile. 

ImCktt,- 

Square  inehet. 

PereetiL 

1 

,        Indies, 

Square  inehet. 

PereenL 

5 

63 

31.17 

J              3i 

404 

9.88 

u 

63 

38.13 

8 

35 

a98 

4h 

S3| 

30. « 

u 

35 

7.89 

4 

SM 

23.95 

li 

89* 

8.06 

:)} 

9S# 

31.04 

U 

S9i 

0.93 

H 

371 

.            33.65            ' 
'            33.  la 

'      It 

39* 

5.94 

H 

37} 

IH 

11.90 

3 

37| 
37{ 

18.85 

u 

m 

9.36 

n 

15.84 

H 

13i 

1               7.50 

H 

m 

13.19 

1 

91 

i               8.16 

When  this  series  of  bars  is  tested  by  the  testing-machine  of  the  Board, 
if  their  tenacity,  &c.,  corresponds  with  the  above  reduction,  we  will  be 
still  more  assured  as  to  the  eft'ect  upon  the  same  material  of  different 
amounts  of  reduction. 

The  evidence  submitted  is  of  sufficient  value  to  justify  us  iu  asserting 
that  variations  in  the  amount  of  reduction  by  the  rolls  of  different  bars 
from  the  same  material  produce  fully  as  much  difference  in  their  phys- 
ical characteristics  as  is  produced  by  differences  in  their  chemical  con- 
stitution. 

In  order  to  ascertain  beyond  question  if  the  rule  would  work  in  both 
directions,  and  if  by  giving  to  a  series  of  bars  a  nn[form  reduction  their 
tenacity,  &c.,  would  prove  uniform,  the  following  experiment  was  made: 

One  of  the  leading  manufacturers  of  the'couutry,  having  placed  both 
the  facilities  of  his  mills  and  as  much  material  as  we  wished  .at  our  serv- 
ice, three  sets  of  bars  were  rolled,  whi(»h  are  termed  Yx  Xos.  1,  2,  and  3, 
ill  of  which  were  of  the  same  material  as  iron  F. 

In  ineparing  the  piles  for  the  first  set,  they  were  so  graduated  that 
he  })ercentage  of  tlie  piles'  area  borne  by  the  bar  should  increase 
dightly  upon  each  reduction  in  diameter  of  the  bar,  it  being  believed 
that  the  additioiml  work  thus  given  to  the  smaller  sizes  would  in  a  meas- 
ire  counteract  the  j)0ssible  dilierences  which  might  be  due  to  overheat- 
ng  of  the  large  and  underheating  of  the  small  bars. 

The  dimensions  of  piles,  &c.,  are  given  in  the  following  table,  together 
with  the  tensile  strength,  elastic  limit,  &c.,  of  the  resultant  bars: 
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Fx  No.  1. 

Dimensions  of  pileSj  of  bars  in  per  eent.  of  area  of  piles ^  tenacitif  and  el^istic  limit  of  seriea 

of  bars. 


Size  of 

DimennioDs 

Area  of  piles. 

Area  of  bars  in 

Tengile 

Elastic 

. 

bars. 

of  pilea. 

per  cent,  ot 
area  of  piles. 

sirengtb. 

limit. 

• 

Inches. 

In^M. 

Square  inches 

Per  cent 

Pounds. 

Poutids. 

2 

6x  10 

e« 

3.93 

52.011 

34.702 

8x   9 

i           '=* 

3.8:J 

52, 874 

35,641 

8x   8 

64 

3.7S 

53, 846 

36,573 

6x10 

60 

3.45 

53.537 

34.235 

• 

6x    9 

54 

3.27 

53.  491 

34.367 

dx    g 

48 

3.09 

52,968 

33,275 

Averages  53.121  T.  S. 
34,700  E.  L. 

anA 

6x    8 

48 

2.55 

55, 307 

34,784 

6x   6 

36 

2.76 

56,  4  {4 

34.682 

dx    5 

30 

2.61 

55,  770 

34, 279 

Averajcea  5.\837  T.  S. 
34,5o2  E.  L. 

and 

The  results  sliow  a  nearly  uuifonn  tenacity  for  the  first  six  sizes,  then 
an  increase,  which  remains  quite  unilorni  tor  the  other  three,  the  elastic 
limit  remaining  very  uniform  thron^liont. 

The  tenacity  of  the  2"  bar,  rolled  by  the  usual  process  (iron  F,  2'')?  its 
area  being  5.23  per  cent,  of  pile,  was  47,50l>  pounds,  showing  an  increase 
upon  this  size  by  the  ex])eiimental  i)r(X'ess  of  4,412  })onuds;  and  the 
increase  in  the  elastic  limit  (5,910  ])oun(ls)  was  still  more  marked. 

No  explanation,  except  that  they  were  possil)ly  not  enough  lieate<U 
accounts  for  the  increased  tenacity  of  the  IJ"  and  1"  bars;  the  IJ^'  was 
by  mistake  rolled  from  too  large  a  pile. 

Weighing  the  merits  of  this  iron  as  adapted  for  cable,  it  is  evident  by 
our  tests  that  although  the  increase  of  work  improved  it  as  bar-iron,  yet 
as  cable-iron  it  was  not  so  valuable  as  that  made  of  the  same  material 
by  the  usual  processes;  and  further,  that  although  the  strength  of  the 
entire  bars  wa.s  increased  by  the  extra  work,  yet  that  of  the  core  of  the 
iron  was  not,  as  shown  by  the  following  test« : 

Tensile  atrength  and  elastic  limit  of  three  bars  iron  Fx,  as  found  by  rupture  of  entire  bars  and 

of  turned  cylinders. 


Size. 

Tensile  strength. 

Elastic  limit. 

Entire  bar. 

Cylinder. 

Entire  bar. 

Cylinder. 

Inches. 
2 

1ft 

1 

Pounds. 
52.011 
W,  537 
53,570 

Pormds. 
45,964 
47, 124 
49,656 

Pownds. 
34,702 
34,235 
34,279 

Potmds. 
31,830 
32,070 
35,714 

The  difference  in  each  factor  diminishing  as  the  diameters  decrease.  * 
With  iron  F.r  the  small  bars  were  not  so  much  overworked  as  the  larger 
ones.  Tests  by  impact  showed  that  while  the  bars  were  entire  those 
which  had  received  the  most  work  were  stiffer  than  the  others,  l)ut  that 
a  .slight  cut  through  the  skin  reversed  their  value.  The  blows  were  of  a 
100-pouiid  liammer  dropped  30  feet,  and  the  deflection  at  eac^h  blow 
behig  noted,  proved  as  above  stated. 

*  A  Hiinilnr  diftVrenro  between  the  elements  ot*  teiisih' streny^tli  and  elastie  limit  as. 
given  by  (uitire  bur  and  cyHndei'  aeciirs  in  a  i;reatly  overworked  bar  of  iron  1),  a  soft 
rivet  niixtnre. 
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Comparison  of  the  effects  produced  by  itnpact  upon  bars  of  irons  Fand  Fx, 


Bars  not  nicked. 


Bars  nicked. 


Deilection  produced  by  each  bloir 


Deflection  prodnced  by  each  blow. 


1 

1st. 

2d. 

3d. 

o 

45 
63 

4th. 

o 

s 

67 

5tb. 

o 

90 
95 

6tb. 

o 

18 
37 
23 
40 
39 
45 

o 

31 
50 
Broke. 

o 
110 

75 
Broke 
70 

95 

107 

110 

Broke 

85 
27 
65 
90 

75 
Broke. 

100 
55 
Broke 

110 

90 

112 

Bruke 

..... 

110 

Broke 

110 

■  *  *  • 

a 
a 
a 
a 
a 


The  blows  marked  "  a  "  being  from  2,0(>()  to  1,000  pounds  less  than  those 
given  to  the  other  bars.  All  of  the  i)ieces  were  of  uniform  proportional 
length  (12  diameters)  and  treated  uniformly. 

Thus,  throughout,  the  bars  of  iron  F.r,  when  not  niek(»d,  withstood,  with 
less  deflection  than  iron  F,  the  same  blows ;  when  nicked  the  case  was 
revelled,  except  in  the  case  of  a  few  bars  of  F,  which  broke  at  fewer 
blows  than  Fx  resisted,  from  which  data  we  argue  that  the  increase  of 
work  strengthened  the  outer  portion  of  the  bar  much  more  than  it  did 
the  interior,  and  that  the  elastic  limit  was  rais*ed  with  the  strength,  the 
bars  thus  gaining  in  resilience  and  tenacity. 

As  cable,  the  welding  qualities  of  ¥x  were  inferior  to  those  of  F,  and 
this  inferiority  was  greater  with  the  larger  bars. 

A  second  attempt  to  produce  a  set  of  bars  of  uniform  tenacity  resulted 
in  a  complete  failure,  due,  we  were  assured,  to  a  misunderstanding  in 
regard  to  heating  the  piles,  but  on  a  third  attempt  we  were  successful, 
as  shown  by  the  following  table,  in  which  the  usual  data  are  given, 

IHmensions  and  areas  of  piles j  areas  of  bars  in  jyeroentages  of  areas  of  piles ^  tensile  strength , 

kastic  limit,  ^c,  of  nine  bars  of  iron  Fx  No,  3. 


w« 

1   a«M 

4 

' 

-^ 

•S'3,- 

5 

o 

1 

5    II 

1        M 

i 

o 

9 

1 

Q 

i 

Pi 

o      ^ 

1 

1 

i    III 

00 

§ 

o 
3 

1    » 
1.3 

oJ  ft  £ 

a 

«        p 

<     1  •< 

H 

H 

HZ 

;a 

< 

-< 

H 

» 

n9he9.       In. 

8q.  in.    Per  et 

POftTidB. 

Poundn. 

Itichetf. 

In, 

Sq.  in. 

Per  ct. 

Povndit. 

Pmtndg. 

2      8x10 

80  1      3.92 

50,763 

33,258 

n 

6x7 

42 

3.53 

.'12,733 

34,606 

11     dxIO 

80        3.45 

53,  361 

35,  03-2 

n 

6x6 

36 

3.41 

53, 248 

33,  520 

\i     8x  9 

ll     dx   6 

72         3. 34 

53, 154 

35,32:i 

H 

6x5 

30 

3.31 

54,648 

34,  695 

64  1      3.24 

5:i,  329 

33,520 

1 

[5x5 

25 

3.14 

53,915 

36,287 

IJ  i6x   9 

54  1      3.27 

1 

52,  819 

34,  840 

1 

1 

The  pile  for  the  2"  was  necessarily  too  small,  as  there  were  no  rolls  in 
le  mill  which  would  take  a  larger  i)ile.     The  record  is,  however,  of 
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value  as  a  contrast  to  that  of  the  other  eight  bars,  the  average  of  whose 
tensile  strength,  53,401  pounds,  and  of  eLastic  Umit,  34,365  pounds,  is 
but  slightly  varied  from  by  any  of  the  bars. 

It  is  assumed  that  the  record  of  the  foregoing  bars  is  sufficient  to 
establish  more  firmly  the  assertion  already  made  in  regard  to  the  effect 
of  different  amounts  of  reduction. 

Two  practical  results  of  value  may  be  deduced  from  this  investigation 
of  the  action  of  the  rolls. 

The  first  is,  that  as  important  differences  exist  in  the  proi)ortionate 
strength  of  different-sized  bars  made  of  the  same  material,  Avhich  are 
due  entirely  to  differences  in  the  pix)cesses  by  which  they  are  manufiw- 
tured,  and  as  the  elimination  or  reduction  of  such  differences  would 
necessitate  such  a  great  and  expensive  change  in  the  system  by  which 
the  bars  are  produced,  that  it  is  not  probable  that  it  will  be  often 
attemi>ted,  it  is  necessary  that  these  differences  should  be  taken  into  con- 
sideration when  estimates  of  the  strength  of  any  structure  in  which 
rolled  WTought  iron  of  different  sizes  is  introduced  are  made,  and  in  all 
tables  of  strength  based  upon  the  strength  of  such  bars. 

Second,  that  where  the  increased  value  of  the  bars  will  justify  the 
increased  expense  of  their  production,  those  of  2"  diameter  can  be  in- 
creased in  strength  over  15,000  pounds,  and  it  is  not  improbable  that 
bars  of  4"  diameter  can  have  the  strength  increased  over  60,000  pounds, 
as  opposed  to  direct  tension,  with  no  loss  in  their  power  to  resist  sudden 
strains. 

Section  II. 
THE  CABLE. 

Mkthod  of  manufacture— Prtnciples  ivvolvkd— Causes  ok  weakness— Wei j>-^ 
Stud— High  tenacity,  etc.— Notes  on  welding — Notes  on  effect  of  stud— 
compabisons  of  end  and  side  weij>s— comparisons  of  studded  and  open 
LINKS — Effects  of  under  and  over  work— Method  of  testing  cables— Tabu- 

laATED  record  OF  STRENGTH  OF  CABLE8— A  PAPER  ON  WEIGHT  OF  CABLES,  WITH 
SUGGESTIONS  FOR  ITS  REDUCTION— COMPARISON  OF  THE  ACTION  OF  BARS  AND  LINKS 
OF  SAME  IRON  UNDER  TENSION,  ETC. 

The  information  which  we  have  gained  bv  the  results  of  our  tests  of 
round  bars  has  its  value  in  determining  upon  the  characteristics  of  a  suit- 
able cable-iron,  but  it  does  Jiot  supply  us  with  all  that  we  need. 

The  cable-link  consists  of  a  round  bolt  twelve  diameters  in  length, 
which  has  been  bent  into  an  oval  form  and  the  ends  welded  together. 
A  stud  or  stay  is  introduced  between  the  sides  to  i)revent  closure  uuder 
stress  and  kinking  while  the  cal)le  is  being  handled  or  used. 

The  tension-tests  upon  the  bars  show  us  what  strength  should  exist  in 
each  of  the  sides  of  the  link,  and  the  imi)act-tests  (see  pages  — )  give  us  an 
idea  as  to  the  power  of  tlie  transverse  sections  of  the  ends  to  resist  stress 
suddenly  applied,  if  the  ))rocess  by  which  the  bar  is  transtbrmed  to  a 
link  has  no  power  to  change  the  qualities  as  found  in  the  bars. 
^  This  process  involves  twice  reheating  and  hammering  the  ends  of  the 
b*61ts,  once  to  make  the  scarf  and  once  to  make  tlie  welds,  while  the  butt 
end  of  the  link  has  at  the  same  time  with  the  ends  been  heated  once  for 
bending.  Tliis  forging  and  reheating  has  a  tendency  to  lower  the  elas- 
tic limit  and  strength  of  the  two  ends  of  the  bolt  upon  which  the  weld  is 
made,  the  process  of  bending  affects  some  irons  injuriously,  and  the 
comparatively  incompressible  stud,  which  prevents  closui^e,  alters  the 
niiture  of  the  strains. 
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If  none  of  these  causes  reduced  the  strength  of  a  link,  and  the  single 
area  of  each  end  should  be  so  strengthened  by  its  arched  form  that  it 
would  be  equal  to  the  two  sides  combined,  the  strength  would  be  just 
twice  that  of  the  bar  from  which  it  was  made. 

A  suitable  chain-iron  is  one  which  will  develop  in  the  link  form  the 
gi-eatest  and  most  uniform  proportion  of  this  200  per  cent.  And  the 
development  of  a  low  or  irregular  proportion  indicates  tliat  the  iron  is 
not  suitable.  The  divergence  from  the  200  i>er  cent,  marks  the  extent 
to  which  an  iron  can  be  called  suitable. 

The  causes  which  operate  upon  all  irons  to  reduce  their  percentage  are, 
fii-st,  the  iceldj  second,  the  stud. 

We  have  tested  a  large  number  of  cliain-Unks  to  destruction,  and  their 
action  under  the  strain  of  tensicm  has  been  carefully  noted.  We  ftnd 
tliat  the  lowest  percentages  of  the  bar's  strength  are  developed  by  those 
irons  which  do  not  permit  strong  and  thorough  welding  by  ordinary  proc- 
esses, and  that  in  breaking  links  of  all  variety  of  irons  the  weld  end 
is  generally  the  weak  part  of  the  link,  and  that  with  certain  type«  of  iron 
tiiis  weakness  is  so  great  and  of  so  frequent  occiuTcnce  that  cables  made 
ffom  such  iron  are  very  unreliable. 

The  following  table  shows  the  number  of  ruptures  at  different  i)ortions 
of  the  link  found  in  breaking  435  links  of  various  irons. 

Looatian  of  ruptures  of  435  links' 


B. 
C. 
D.. 
£.. 
P. 
Px 


H 


L., 

y. 

0. 

p. 

Px 


Iron. 


I 


I 

a 

a 


37 
45 
57 

S5 

fi6 
8 
5 
3 
5 

S3 

6 

U4 

8 

» 

29 
5 


4:5 


Ruptures    a  t 
wold,  333. 


t 

S 


u 

35 
33 
16 

Ij* 

14 
4 
5 
2 
5 

Iri 
4 

27 
6 
5 

12 
1 


211 


RaptarM    a  t 
battt  86. 


9 

s 

H 


9 

9 
5 
I 


5 
3 


1 

2 
79 
2 
2 
2 
3 


lib 


a 
9 


15 
1 
9 


7 
3 
1 


4 

ii 


65 


'8, 


4  , 
1 


1 

1 

11 

4 

1 

21 


6 
2 


IG 


Tlius  in  the  nipture  of  435  links,  333  of  them  broke  at  the  weld  end 
8C  at  the  butt  end,  and  10  on  the  side. 

The  most  ordinary-  location  of  the  inii)ture,  if  we  except  irons  Rr,  F, 
L,  M,  and  Vx  was  at  the  quarter  of  the  weld,  which  nipture  is  inoducecl 
l>y  a  resolution  of  the  force  of  direct  tension  and  the  resistance  oppo.*^ed 
)y  the  stud. 

Fj,  F,  and  Vx  were  all  irons  which  had  received  a  great  amount  of 
«"ork,  and  whose  welding  qualities  were  by  it  impaired.  L  was  a  weld- 
steel,  and  iron  M,  which  furnishes  79  out  of  the  116  rui)tures  through 
the  weld,  was  of  a  most  complex  structure,  as  may  be  seen  by  the  tables 
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of  analysis.    (\)]>per,  ])hosi)homs,  silk*(Hi,  nickel,  and,  in  sujne  c<ise.s 
chn>niium,  pive  to  this  iron  most  remarkable  (pnilities. 

Tlie  sketeh  will  show  the  parts  of  tlie  links  designated  as  quarter 
weld,  &c. 


U"  link,  liall'siz.'. 

An  examination  of  the  records  of  the  stren<>th  of  links  and  of  the  per- 
centage of  the  bar's  strength  developed  by  the  links  will  show  that  all  of 
those  links  which  broke  ''  through  the  weld''  were  very  weak  and  irregu- 
lar in  both  factors.  Hence,  an  iron  whose  weld  is  through  any  cause 
unreliable  is  not  suitable  for  cable. 

Among,  the  causes  which  produce  deficiency  in  welding  properties, 
there  are  two  which  produce  gTeat  tenavity  in  the  bar,  viz,  chemical  pecu- 
liarities and  excesvsive  work ;  therefore,  when  excessh'e  tensile  strength 
is  found  to  exist  in  a  bar  as  tested  by  tension,  it  should  be  regarded  as 
a  probable  indication  of  deficient  wehling  properties.  As  may  be  seen 
by  the  i^cord  of  tension  and  impact  comi)ared,  high  tenacity  in  the  bar 
frequently  indicates  a  lack  of  power  to  resist  sudden  strains.  Therefore, 
in  judging  iron  by  tensile  strength  alone,  it  should  be  considered  as  more 
than  probable  that  the  strongest  bars  will  produce  the  weakest  cables, 
although  there  will  undoubtedly  l>e  in  each  of  such  cables  a  few  links 
with  greater  strength  than  can  be  deveh)ped  by  irons  of  less  tenacity. 

THE  AVELD. 


A  few  notes  in  regard  to  the  weld  may  have  a  value,  as  they  are  founded 
upon  observation. 

In  making  one  hundred  and  fifty  fathoms  of  chain,  which  length  gen- 
erally constitutes  a  cable,  there  are  of  weld,  from  2,925  in  1"  to  1,500  in 
2".  These  are  probably  made  by  a  dozen  different  chain- welders,  each 
of  whom  has  a  habit,  which  he  will  not  readily  change,  by  which  he  judges 
of  the  proper  heat  and  the  degree  of  rapidity  with  which  he  should  make 
his  weld.  Different  welders  have  very  different  ideas,  and,  unless  the 
iron  which  is  being  worked  on  will  permit  considerable  variation  in  the 
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teuiiH^ratnrts  it  is  probable  that  the  resultant  links  will  vary  «ireatly  in 
value.  If  eleven  out  of  the  twelve  jud^e  correctly,  the  error  of  the  other 
man  may  render  valueless  all  of  tlieir  labor. 

Irons  in  which  there  is  nuu'h  carbon  require  to  be  wehh^l  at  a  very 
low  heat ;  phosphonis  in  excess  calls  for  the  same.  Coarse  iron  with 
much  sla^  reciuires  a  high  heat  and  hard  hammering,  and  even  then 
there  is  a  liability  for  "  laces"  to  form  tlirouglumt  the  whole  siuface  of 
the  lap,  whi(*h  faces  simply  stick  together  and  ai-e  liable  to  (haw.  A 
very  close,  tibrous  iron  also  requires  a  high  heat  and  hard,  rapid  ham- 
mering; the  reason  for  which  is  that  the  heavy  blows  previously  required 
to  make  the  scarf  or  lap  have  so  amalgamated  the  fibers  one  with  another 
that  when  the  two  laps  are  brought  into  contact  the  fibers  of  each  do 
not  hitenningle  thoi'oughly,  and  they,  too,  are  tmpiently  simply  stuck 
together,  adhesion  taking  the  i>lace  of  a  process  similar  to  felting,  which 
occurs  in  wehling  an  iron  with  a  mther  open  fiber.  With  this  a  low 
beat  is  re^iuii'ed,  which  seems  to  penetrate  and  expand  the  fibers  so  that 
they  iiitermiugle  and  the  two  laps  are  held  together  by  a  net-work. 
Moderate  hammering  is  necessary-  with  tliis  type  of  iron,  w^liich  is  seldom 
found  to  i)ossess  great  tensile  strength,  but  nearly  always  has  great 
resilience. 

An  iron  in  which  sulphiu*  is  in  excess  can  be  bent  and  welded  at  a 
high  heat,  but  the  more  moderate  heat  at  which  the  bend  and  scaif  are 
usually  made  is  trying  to  it,  and  '^red-short  links^  are  frequently  crdtcked 
in  bending. 

The  weld  thus,  as  has  been  shown,  [>roving  its  claims  to  be  considered 
as  the  weak  piac>e  of  the  link,  it  was  considered  desirable  to  ascertain  if 
a  change  in  its  location  would  have  any  tendency  to  strengthen  it.  At 
some  private  manufactories  a  system  has  been  introduced  of  making  the 
weld  upon  the  side  of  the  link  by  means  of  a  machine  which  bent  and 
welded  the  link  at  one  operation.  AVe  procured  a  number  of  short  sections 
of  cable  which  hatl  been  made  in  this  manner,  purchasing  them  from  the 
manufacturer,  who,  at  the  same  time,  supplied  us  with  a  few  bars  of  the 
iron  from  which  the  cable  was  ma<le;  fi-om  these  bars  we  prepared  links 
in  the  usual  manner,  and  connected  sections  of  the  machine-made  side- 
welded  links  with  the  hand-made  end-wehled  ones,  and  subjected  these 
combined  sections  to  tension. 

Eight  such  tests  were  made,  and  in  eirry  case  the  weld  of  the  machine- 
made  link  drew  apart  at  the  following  strains,  the  iron  being  1^"  in 
diameter,  viz:  80,830  pounds,  78,144  pounds,  76,608  pounds,  56,640 
I)oands,  88,280  pounds,  65,660  pounds,  83,520  pounds,  67,000  pounds. 

Three  of  the  couplets  of  end-welded  links,  which  had  resisted  the 
strains  which  had  broken  the  side- welded  links  vrith  which  they  were 
connected,  were  reteste<l,  and  broke  at  89,000  pounds,  97,000  pounds,  and 
98,000  pounds. 

In  order  to  ascertain  whether  the  deficiency  in  strength  of  the  side- 
welded  links  was  due  to  the  location  of  tlie  weld  or  to  their  having  been 
made  by  machine- work,  a  set  of  couplets  (two  links  connected)  was  maiie, 

f  whicii  in  each  case  one  link  wiis  welded  upon  the  side  and  the  other 
l)on  the  end,  all  being  made  by  the  same  smith.  Upon  testing  these 
ouplet«  (two  in  number)  in  one  case  the  side  weld  drew  at  81,000  pounds, 
nd  in  the  other  it  broke  where  welded  at  87,200  pounds.  The  two  end- 
relded  links  were  then  broken  at  99,000  and  101,000  pounds. 

These  experiments  indicate  that  we  cannot  stiengthen  the  link  by 
banging  the  location  of  the  weld,  and  our  only  resoui*ce  is  to  select  such 
nou  as  is  least  injured  by  the  process  of  welding. 
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THE  STUD. 

Discussion  of  its  effect  upon  the  Unl\ 

Tlie  secon<l  cause  \rliich  tends  to  prevent  the  link  from  developing 
twice  the  strength  of  the  bar  is  the  stud. 

Our  experiments  lead  us  to  consider  that  the  opinion  which  is  gen- 
erally entertained,  and  which  is  backed  by  tlie  most  eminent  authorities, 
that  the  studded  link  is  stronger  than  the  unstudded  one  made  ti'om  the 
same  iron,  is  erroneous,  both  in  })rinciple  and  in  fact. 

liankin,  in  his '^Manual  of  ^[a<?hinery,"  says,  "An  unstudded  chain  has 
about  two-thiixls  of  the  strength  of  a  stiulded  chain  of  the  same  diameter 
of  wire." 

John  Anderson,  LL.  D.,  superintendent  of  machinery  to  the  War 
Department,  Woolwicli,  in  a  work  published  in  1872,  says,  "  It  is  to  be 
noted,  whatever  the  explanation  may  be,  that  the  stayed-link  chain, 
when  made  of  the  same  diameter  of  iron  as  the  open-link,  is  stronger 
than  the  other  in  the  proportion  of  9  to  6;  the  office  of  the  stud  is  to  pre- 
vent the  collapse  of  the  link  and  thereby  intercept  the  shearing  action 
due  to  the  wedge  action  of  one  link  within  the  other.'' 

American  authorities  coincide  with  the  above  opinions,  with  which, 
however,  we  entirely  diflfer.  Theoretically  it  should  not  be  stronger, 
actually  it  is  weaker  than  the  open-link. 

To  discuss  the  ca«e  in  its  most  general  aspect,  we  will  consider  the  link 
to  be  reduced  to  a  line,  and  in  the  accompanying  diagram  let  the  lat- 
eral x)oints  represent  the  extremities  of  this  line  and  the  upi)er  and 
lower  points  PP  the  extremities  of  the  stud. 
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Dia<ri'am  illustratiiij'  the  action  of  the  stud. 


A  strain  being  applied  longitudinally  sufficient  to  produce  a  change  of 
form  in  the  link,  the  tendency  of  the  component  of  the  tension  at  a  right 
angle  to  the  axis  of  tlie  link  to  draw  the  sides  together  is  resisted  by  the 
stud,  and  we  have  at  either  of  the  fovu'  points  of  the  link  the  familiar 
case  of  a  load  applied  to  the  middle  point  of  a  line  whose  extremities  ai^ 
fastened. 
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Repre^ieiiting;  the  total  strain  upon  the  enable  by  S,  the  tension  on 
either  side  of  the  link  by  f,  the  resistance  ot  the  stnd  by  p,  and  the  angle 
at  either  vertex. by  2a,  the  parallelogram  ot  forces  gives  the  resolution  in- 
dicated by  the  diagmiu,  and  the  equation — 

S  =  2f  cosin  a    =z  p  cotaiu  a 
p  =  S  tan  a       =  21  sin  a 

/  =  -*'--     =    '^-  . 

2  cos  a  2  siu  a  ' 

Siipi)osiug  a  constjiut  strain  k%  as  the  angle  a  increases  t  and  p  increase 
rapidly,  to  the  extreme  case  of  a  =  IHP,  when  t  undp  are  infinite. 

Of  these  four  quantities,  the  interdei)endent  relations,  which  are  so 
manifest  in  theory,  will  be  motlilied  in  practice  by  the  character  of  the 
iron  fix)ni  which  the  link  is  made. 

The  equations  indicate  that  wiien  the  links  are  without  studs  they 
might  stretch  until  they  nipped  each  other  and  then  be  in  the  l>est  pos- 
sible position  to  resist  sti'ess,  the  sides  being  x)aTallel  and  separated  but 
by  their  own  diameter,  the  ends  so  closeil  together  that  the  stress  is  re- 
ceived and  transmitted  through  bearing  suifaees  much  greater  than 
l)efore  the  parts  had  yielded  to  stress. 

Oar  experience  in  testing  cable-links  showed  us  that  with  all  classes  of 
iron  this  tendency  to  assume  the  strongest  possible  form  existed,  but  in 
very  different  degrees,  an<l  in  this  difference  we  find  a  possible  reason 
for  the  different  conclusions  that  have  been  arrived  at  by  the  English 
experimenters  and  by  ourselves.  The  English  use  for  chain-cables  iron 
of  great  tenacity,  and  the  studs  to  their  links  are  made  of  malleable  iron. 

Oiur  exx>eriments  have  been  made  both  with  links  of  iron  of  similar 
character  and  with  others  made  from  iron  with  medium  and  low  tenac- 
ity, but  with  great  ductility  and  power  of  flexure.  In  all  cases  we 
have,  however,  used  the  ordinary  cast-iron, stud. 

The  links  made  from  ductile  iron  woiUd  under  tension  assume  as  closely 
as  possible  the  strongest  form,  as  indicated  by  the  equation. 

One  side  of  the  link  would  become  straight,  pressing  the  stud  against 
the  other  side,  until  the  latter  had  buckled  to  considerable  extent,  when 
the  rupture  would  take  place  ui>on  this  greatly  arched  side,  the  iron  tear- 
ing apart  as  shown  in  Figs.  1,  2,  and  3  in  the  accompanying  illustration. 

If  the  link  were  made  of  coarse,  hard  iron,  with  little  ductility,  the 
stress  upon  the  sides  would  not  be  relieved  by  the  closure  of  either,  but, 
both  resisting  the  change  of  form,  would  yield  to  the  stress,  which  would 
be  resolved  by  the  stud's  resistance  into  a  transverse  strain,  and  the  link 
after  rupture  would  appear  as  is  shown  in  Figs.  0  and  7  of  the  illustra- 
tion, the  fracture  being  nearly  at  right  angles,  and  showing  a  square 
cut  across  the  fibers.  If  made  of  iron  with  (lefective  w  elding  properties, 
one  link  would  cut  its  way  through  the  welded  end  of  the  other  at  a 
Ktress  not  suflBcient  to  either  produce  closure  or  break  the  iron  where 
it  liad  not  been  forged.    Fig.  o  illustrates  this  type  of  fracture,  it  being 

iken  from  a  link  of  iron  M. 

Fig.  4  illustrates  the  type  of  fracture  eonnnon  to  a  very  soft  iron,  which 

X'urs  sometimes  through  the  weld  end  and  somethnes  through  the  butt. 

1  some  respects  it  resembles  that  shown  in  Fig.  5,  but  examined,  it  will 

e  seen  that  in  case  of  the  latter  there  was  no  reduction  of  area  at  fi-ac- 
iire  and  no  indication  of  an  attempt  to  close,  while  in  Fig.  4,  with  one 

de  nearly  straightened  and  the  iron  near  the  fracture  reduced  greatly, 

can  be  seen  that  simple  lack  of  the  necessary  hardness  was  the  cause 

f  the  break  through  the  end. 
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Fig.  4  is  from  a  link  of  iron  F,  which  was  very  ductile;  tlie  diminution 
of  area  w  as  so  great  that  sufficient  was  not  left  to  resist  the  stivss. 

Experiments  made  upon  iron  of  the  type  shown  in  Figs.  1,  2,  and  3, 
showed  that  the  excess  of  the  strength  of  the  unstudded  link  over  that 
of  the  studded  ranged  from  12  to  17  per  cent.,  averaging  about  15  per 
cent,  of  the  strength  of  the  studded  links,  while  with  links  made  of  iron  of 
the  class  shown  in  Figs.  6  and  7,  the  excess  of  strength  was  about  5  per 
cent.,  as  shown  by  the  following  tests: 

Experiments  upon  comparative  strength  of  studded  and  unstudded  links 
made  from  soft^  ductile  irons  (C  and  F).     Diameter  of  iron  ly. 

The  links  were  arranged  in  seven  section  of  three  links  each,  of  which 
the  center  link  was  in  each  case  an  open  one,  and  the  two  end  links  (B 
L)  of  the  test  were  connected  to  the  proving-bar  by  means  of  links  of  con- 
siderably greater  diameter  (Ij^).  The  stress  being  thus  transmitted  and 
received  through  bearing  surfaces  of  greater  extent  than  in  case  of  the 
open  links,  they  should  have  resisted  more  strain  had  the  strength  of 
the  two  styles  of  link  been  equal. 

After  pulling  each  section  nntil  one  of  the  links  broke,  the  pair  re- 
maining wa«  again  pulled  till  one  broke,  and  finally  the  unbroken  remain- 
ing link  was  broken. 

The  results  of  test  were  as  follows : 
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The  bar  from  which  sections  Kos.  1  and  2  were  made  had  a  tensile 
strength  of  59,000  i)ounds,  Nos.  3  and  4  were  from  bars  with  tensile 
strength  of  57,000  pounds,  Nos.  5  and  6  from  bars  with  54,000,  and  Xo.  7 
from  a  bar  with  57,700  pounds  t^iusile  strength. 

In  every  case  when  there  were  both  open  and  studded  links  connected 
the  studded  link  first  broke.  In  six  tests  the  open  link  of  IJ"  diamet4?r 
of  good  iron  broke  the  lyY'  link  of  inferior  iron,  and  twice  uie  shackle- 
pin  of  steel. 

The  maximum  strength  of  the  studded  links  on  the  first  pull  was 
06,960  pounds;  the  minimum,  79,488  pounds;  the  average  of  six,  88,030 

In  three  cases  where  a  studded  link  was  pulled  the  second  time  tlie 
maximum  strength  was  98,688  pounds,  minimum  89,088  pounds,  and 
average  93,188  pounds. 

The  maximum  strength  found  in  an  open  link  was  109,632  pounds  on  a 
siarth  pull,  the  next  105,576  on  a  second  pull,  and  the  minimum  upon  any 
pull  was  82,170  pounds,  the  average  strength  of  eight  being  101,327 
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pouuds.  The  inferior  iron  (contract  chain-iron)  of  which  the  end  links 
were  made  breaking  upon  second  and  third  pulls  at  from  67,200  pounds  to 
^,000  pounds,  averaging  82,383  pounds.  From  which  we  deduce  that  of 
the  same  iron  an  unstudded  cable  would  have  exceeded  in  strength  the 
studded  one  in  actual  strength  over  13,000  pounds,  or  15  per  cent.,  and  that 
after  having  been  subjected  to  stress  sufficient  to  break  the  studded  links 
the  unstudded  cable  would  have  still  proved  reliable;  and  further,  that  a 
vessel  provided  with  a  studded  cable,  made  of  this  good  chain-iix)n  of  1  J" 
diameter,  of  which  150  fathoms  would  weigh  Ave  tons,  would  have  pos- 
sessed more  reliable  ground-tackle  than  if  the  cable  had  been  of  the  ly^^'' 
contract-iron,  weighing  eight  tons. 

During  the  experiment  recorded,  several  times  it  happened  that,  either 
through  the  stress  or  the  recoil,  one  of  the  studded  links  became  an  open 
one  bj^  the  stud  splitting  and  flying  out. 

A  second  series  of  experiments  was  made  with  links  made  from  iron 
B,  one  of  our  best  chain-irons.  Ten  pairs  of  open  links  and  ten  of 
studded  links  were  i>repared  and  tested  by  tension,  with  results  as 
follows : 

Compariaon  of  the  strength  of  studded  afid  open  links  of  iron  B,    Size  of  iron,  l-f^". 
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The  average  strength  of  the  open  link  exceeds  that  of  the  studded 
7,191  pounds,  or  4.8  per  cent,  of  the  strength  of  the  latter,  and  seven  of 
the  open  links  were  stronger  than  the  strongest  of  the  studded  ones. 

Tlie  lower  stress  at  which  the  form  of  the  open  link  begins  to  change, 
and  the  increased  elongation  produced  by  stress,  indicat-e  that  the  stud 
has  its  value,  but  in  its  use  it  is  desirable  to  know  its  exact  effect. 

The  api>earance  of  links  with  and  without  stud,  when  strained  to  the 
point  of  rupture  of  the  former,  is  shown  in  the  accompanying  cut^  which 
is  taken  from  a  photograx>h  of  a  section  of  iron  0, 1|"  links,  whicn  broke 
at  a  stress  of  207,000  pounds. 

Counting  from  the  left,  the  first,  third,  and  fifth  links  were  without 
stud,  the  second  and  fourth  studded,  the  rui)ture  taking  place  on  the 
second  studded  link,  it  being  the  nearest  to  the  engine  which  produced 
the  stress. 

With  links  made  from  a  ductile  iron,  the  stud  preventing  closure  of 
tlie  sides,  the  two  ends  are  drawn  down  to  a  lozenge  shape,  or  one  side 
of  the  link  straightens,  while  the  other,  being  forced  outward,  tears  apart 
at  the  quarter. 
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If  the  material  is  coarse  and  iiot  ductile,  the  sides  will  break  traus- 
versely,  tlirougli  the  levera^  of  the  stud. 

n  Whatever  the  nature  of  the  material  of  which  the  link 
is  made,  the  stud  is  a  source  of  weakness,  it  cauain^  tlie 
brittle  irou  to  break  transversely  and  subjecting  the  more 

i  ductile  to  undue  crushing  and  shearing. 
In  addition  to  the  evidence  Riven,  abstracts  from  our  tests 
show  that  iu  breaking  33  sections  of  links  of  irons  Fir,  I), 
O ,  and  N,  whicli  were  comiitised  of  Iwth  studded  and  iiuHtiid- 
ded  links,  in  2!)  cnscK  the  link  which  bi-olte  was  a  studded  one. 
From  the  facts  recorded,  we  feel  that  we  are  justitied  in 
saying  that,  hey^md  doubt,  when  made  of  American  bar- 
iron,  with  cast-iron  studs,  the  stiulded  link  is  inferior  to  the 
i  unstudded  one  in  strength. 

Therefore  we  place  the  stud  as  next  to  the  weld  among 
the  elements  which  tend  to  prevent  the  individual  hnks 
from  developing  the  utmost  jwssible  strength. 

There  is  still  another  cause,  which  does  not,  however, 

necessarily  always  exist,  wliy  chnin-cahlcs  do  not  possess  the 

greatest  possible  proportion  of  strength,  and  this  is  the 

custom  which  prevails  to  a  certain  extent  of  purchasing  the 

'  iron  in  bolts  cut  to  the  length  retpured  to  make  the  links. 

{ I  By  this  system  there  can  be  no  guarantee  to  the  cable-manu- 

;i  facturer  that  the  fui-nishcr  of  the  iron  has  not  mixed  with 

1  the  iron  selected,  many  bolts  of  ijiferior  and  cheaper  niate- 

j{  rial,  and  perhaps  some  of  a  smaller  size  than  is  calle<]  for. 

We  have  found  that  iu  several  lots  of  iron  there  were  lH)lt8 
j;  which  were  evidently  of  a  very  diflerent  character,  and  in 
many  cases  bolts  from  one  to  four  hundredths  of  an  inch 
I  scant.  This  deficiency  in  size  becomes  of  imiK>rtance  wiien 
I,  the  bolt  is  transformed  to  a  link,  as  may  be  sliown  thus : 
Bar  2"  diameter,  tensUe  strength  62,000  pounds  per 
■  1  square  inch,  strength  of  link  260,281  pounds. 
'jl  Bar  1.96"  diameter,  tensile  strengtli  52,000  pounds  per 
I .  square  inch,  strength  of  link  255,710  pounds. 

Assuming  that  in  each  case  the  link  was  equal  to  163  per 
j  cent,  of  the  bar's  strength. 

j|  The  risk  tix)m  tliis  cause  naturally  depends,  to  a  great  ex- 
tent, upon  the  character  of  tlie  persons  who  furniti;h  and 
of  those  who  manufacture  the  iron,  and  upon  the  degree  of  care  which  is 
exercised  at  tlie  mills.  We  have  shown  tliat  deficiency  in  welding  prop- 
erties stands  first,  and  tlie  action  of  the  stud  second  in  the  hst  of  causes 
which  prevents  the  cable-link  from  developing  the  full  strength  of  twice 
that  of  the  bar. 

Our  experiments  indicate  that  the  former  cause  is  frequently  mani- 
fested by  the  tenacity  of  tlie  bar ;  il'  the  tensile  strength  is  high,  its  excess 
is  probably  due  either  to  chemical  constituents,  which  incn-aee  tenacity 
at  the  expense  of  welding  pniiwrties,  or  to  excessive  work,  of  which  the 
tendency  is  to  effect  the  same,  the  amount  of  work  which  would  be  ex- 
cessive vaiying  with  the  nature  of  the  material. 

The  effect  of  the  former  source  is  fully  discussed  iu  the  comparison  of 
chemical  and  physical  results :  tliat  of  the  latter  has  been  made  very 
evident  throughoiit  our  exiienments.  A  few  typical  examples  will  be 
given  in  which  the  variation  in  the  welding  value  was  apparently  due  to 
variations  iu  the  amount  of  work,  the  irons  being  of  similar  composition. 
In  case  of  irons  F  and  Fcr  both  were  of  the  same  material,  Fx  receiv- 
ing, however,  much  more  work  than  F,  the  piles  from  which  the  bars 
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were  rolled  being  larger,  Fj?  exceeded  in  tenacity,  was  equal  if  not 
superior  in  power  to  resist  sudden  strain,  and  ductility,  but  inferior 
as  cable,  on  account  of  decreased  welding  value.  Iron  ¥x  developed  in 
the  link  form  an  average  of  154  per  cent,  of  the  bar's  strength,  and  iron  P 
over  163  per  cent  of  the  same.  Irons  P  and  Pj?,  which  were  of  the 
same  material,  Pj?  having  received  one  course  of  hammering  more  than 
P,  showed  the  same  effects. 

Both  irons  were  equally  valuable  as  bars,  but  as  links  P  developed 
164  per  cent,  and  Pj?  154  per  coat,  of  the  bar's  strength,  and  as  the 
strength  of  the  bars  was  nearly  e(iual  this  increased  percentage  caused 
the  production  of  stronger  links. 

With  irons  F,  Fa?,  O,  and  P,  all  of  which  were  of  choice,  ductile  material, 
the  small  bars,  which  had  received  the  most  work,  made  the  poorest 
cable. 

With  irons  A,  N,B,C,  which  were  made  from  comparativ^ely  coarse  ma- 
terial, the  effect  of  increased  work  was  to  improve  them  in  every  respect, 
the  smaller  and  most  thoroughly  worked  sizes  making  the  best  cable, 
With  N,  for  instance,  the  If  thoroughly  worked,  in  comparison  with  the 
2",  develoi)ed  164  per  cent,  of  bar  strength,  while  the  2''  developed  but 
141  per  cent  With  B  the  l}f ",  developeil  162  per  cent  and  the  1^", 
more  worked,  176J  per  cent  With  C  the  If  developetl  153  per  cent 
and  the  1^",  162  per  cent  With  all  of  these  irons  the  tenacity  of  the 
small  was  higher  than  that  of  the  larger  bars.  The  question,  therefore, 
as  to  the  amount  of  tenacity  which  indicates  deficiency  in  welding  value 
is  one  which  is  dependent  to  a  great  extent  upon  the  character  of  the 
materiaL  The  amount  which  indicates  a  x^robable  lack  of  power  to  resist 
sadden  strains  also  depends  greatly  upon  the  same.  Iron  Fj?,  with  greater 
tenacity  than  F,  was  equally  valuable  in  this  respect,  as  were  A,  D,  and 
Px. 

Bat  there  is  another  element  which  complicates  this  question :  the 
amoimt  of  tenacity  which  indicates  i>robable  high  or  low  welding  value 
and  ductility  depends  in  the  same  material  to  a  great  extent  upon  the 
diameter  of  the  bar,  and  differs  with  every  variation  in  size.  The  prob- 
han  tiins  became  to  fix  upon  the  tenacity  which  u|K)n  each  size  of  bar 
used  ordinarily  for  cables  indicates  probable  high  welding  value  and 
freedom  from  brittleness. 

The  history  of  our  efforts  to  solve  this  problem,  with  such  solution  as 
we  have  found,  is  embodied  in  the  papere  "  Investigation  of  the  effect 
of  the  rolls,^  and  "  Pix)ving-strains  for  chain-cables." 

The  facts  upon  which  our  theories  are  based  are  the  strength,  elastic 
limit,  and  resUience  of  bars,  already  given,  the  same  of  links,  and  the 
eomparison  of  the  strength,  &;c.,  of  both,  which  will  be  here  inserted. 

Detailed  description  of  method  of  testing  cables. 

Our  records  embrace  the  results  of  strength,  &c.,  obtained  by  the  nip- 
tme  of  229  sections  of  cables,  of  various  diameters  and  lengths,  made 
from  eighteen  different  irons. 

These  are  given  in  the  tabulated  record  of  breaking-strains,  arranged 
in  the  order  of  the  relative  strength. 

The  history  of  a  few  of  our  tests  will  be  given  in  detail. 

Tlie  links  were  generally  arranged  as  shown  in  the  cm. 
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The  end  links,  Nos.  1  and  5,  and  center  link,  No.  3,  being  unstudded, 
the  others  studded.  The  end  links  were  in  some  cases  of  greater  diam- 
eter than  the  links  to  be  tested,  in  which  case  they  were  not  recorded  in 
the  number  of  links  in  section. 

After  we  had  decided  upon  the  superior  strength  of  the  unstudded 
link,  our  test-sections  were  prepared  with  end  links  of  the  same  size  and 
iron  as  the  other  links,  but  without  studs. 

The  shackle-pins  were  oval  and  made  to  correspond  with  the  diame- 
ter of  the  links. 

Teat  as  cdbUy  of  iron  Ee. 
[Links  arranged  as  per  cnt.    Stretch  recorded,  when  .03  was  obaerred,  on  No.  9  link.] 


*M 

M 

o 

1 

B 

« 

-a 

■ta 
CQ 

Elongation  of — 

i 

s 

1 

Namber  of    link 
wbioli  broke. 

Location  of  mp* 
ture. 

Elongation  of  anlnoken 
Unks. 

1 

No.  2. 

No.  3. 

No.  4. 

No.  9. 

No.  3. 

No.  4. 

1 

i! 

3 
3 
3 
3 
3 
3 
3 
3 
3 

Pounds. 

34,800 

44,400 

61.100 

78,000 

80.000 

98,000 

100,000 

U0,00() 

117,200 

.03 
.03 
.03 
.05 
.03 
.03 
.03 
.03 
.03 

II 

.11 
.16 
.14 
.94 
.98 
.98 
.96 
.99 
.19 

// 
.03 

.ai 

.05 
.03 
.04 
.06 
.04 
.03 
.04 

Pounds. 
70,300 
81,400 
111,000 
194,000 
153,000 
168,000 
185,000 
905,600 
940,000* 

4 

9 
9 
3 
9 
9 
9 
3 

Q.W. 
T.W. 
Q.  B. 
W. 
Q.W. 
Q.W. 
Q.W. 
T.W. 

// 
.SO 

'i.'45 

"i'.bo' 

1.50 

.69 

.70 

1.00 

'iis  * 

1.85 
L90 

"i.76" 

If 

.'72 

.W 
.75 
1.00 
1.9S 
1.40 
1.30 
L60 

*  Not  broken. 

Five  ruptures  ooourring  on  link  No.  9,  one  on  No.  4  studded,  and  two  on  open  links,  in  ooe  of  which 
the  weld  drew.  The  elongation  produced  upon  the  open  links  by  the  stress  which  broke  the  studded 
cues  was  not  sufficient  to  greatly  impair  their  nsefnlnos*;  the  l'^  with  nriginal  inner  diameter  of  1.55", 
being  reduced  to  1.40" ;  the  If",  original  inner  diameter  9.8",  after  stress  9.50",  and  the  others  in  pro- 
portion, there  being  sufiic'.ent  room  for  the  links  to  traverse  freely. 

Test  as  cable,  of  iron  D. 
[Links  arranged  as  per  cut.    Besults  as  follows : ] 


•3 

z 

Elongation  of— 

• 

1 

5 

Elongation  of  unbroken 
links. 

« 

"S 

i 

s 

0 

Stress  at  1 
stretch. 

E 
8 

1 

2 

IF 

M 
a 

Location  of 
ture. 

a 
i 

1 

No.  9. 

No.  3. 

No.  4. 

No.  9. 

No.  3. 

No.  4. 

// 

Pounds. 

// 

n 

// 

Pounds. 

" 

// 

II 

1 

3 

36,900 

.03 

.10 

.04 

79,900 

9 

(.W. 



.50 

.75 

u 

3 

45,000 

.03 

.15 

.03 

87,500 

9 

(W. 

.75 

.80 

w 

3 

55,900 

.03 

.90 

.05 

113.000 

9 

C.W. 

.80 

.80 

3 

71,900 

.03 

.96 

.04 

137.900 

9 

c.w. 

•  •  •  ■      •  ■  - 

1.00 

1.85 

u 

3 

80,100 

.03 

.30 

.03 

173,000 

4 

<.W. 

1.00 

1.50 

1} 

3 

90,000 

.03 

.25 

.04 

189,000 

9 

(.W. 

1.80 

i.96 

1} 

3 

99,000 

.03 

.24 

Lost 

204,000 

4 

Q.W. 

i.70 

1.40 

u 

1      3 

119.300 

.03 

.39 

.03 

915.000 

4 

T.  W. 

9.00 

1.75 

9 

.      3 

1 

116,000 

.03 

.92 

.05 

240, 000* 

Weld. 

1.55 

1.70 

1.40 

*  Not  broken. 

Eight  mptnres  occurred  on  studded  links,  five  of  which  were  on  No.  2.    Nearly  all  of  the  unbroken 
•pan  links  were  serviceable  aft«r  rupture  of  the  studded  ones. 
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Te9i8  a$  cable,  of  iron  O. 
[Links  arranged  as  per  oat;  leaolts  as  follows :] 


'8 

1 

B 

i 

i 

0 

1 

S 

0 

3 
3 
3 
3 
3 
3 
3 
3 
3 

■ 
GO 

XloDgalioB  of— 

1 

QQ 

1 
1 

t 

Location  of  rap- 
tare. 

Elongation  of  unbroken 
links. 

Na8. 

No.  3. 

Na4. 

Na9. 

No.  3. 

No.  4. 

II 

1 
U 

1| 

1 

1 

!l 

Pound*. 
31,400 
35.000 
45.800 
51.900 
60,000 
74,500 
90,000 
109,000 
119,800 

II 

.03 
.02 
.05 
.04 
.04 
.03 
.09 
.03 
.09 

// 

.93 
.16 
.99 
.20 
.14 
.15 
.95 
.99 
.90 

II 

.03 
.03 
.03 
.&3 
.03 
.03 
.03 
.03 
.03 

Poufidt. 

68.000 

80.900 

95,500 

195.  400 

15.\  500 

180,000 

S07.000 

937,000 

938,000 

A 

9 

3 
9 
9 
9 
9 
4 
9 

aw. 
aw. 

T.W. 

aw. 

Q.  B. 

aw. 

Q.W. 

Q.R 

Weld. 

II 
.66 

"".'si' 
i'ao"' 

// 

1.00 
.63 

.90 
1.39 
1.39 
1.50 
9.00 

.51 

."53 

.40 

.60 
1.60 
1.50 
1.40 

"""5.03 

Six  of  the  mptares  occurred  00  No.  9  link,  two  on  No.  4,  and  one  on  No.  3.    The  weld  of  the  9"  drew 
tnd  it  broke  much  under  ite  real  ntrennLth,  a^i  is  shown  by  the  slight  elon)j|[ation. 

It  is  probable  that  so  very  ductile  and  expensive  an  iron  as  O,  which  is  flrst-class  charcoal  blown, 
vill  seldom  be  made  into  chains,  hence  wo  reason  that  as  some  of  the  open  links  were  serviceable 
after  the  mptnre  of  the  studded  ones,  that  we  are  furnished  with  their  oomparative  value.  With  a 
bardor  iron  the  elongation  would  have  been  less. 

Tests  as  cable  of  iron  X. 

We  having  but  a  small  quantity  of  this  iron,  were  not  able  to  aiTauge 
the  Unks  in  the  same  inauuer  as  with  the  preceding  tests.  They  were 
arranged  thus:  No.  1,  open;  Xos.  2  and  3,  studded;  Xo.  4,  open. 

The  results  of  the  tests  were : 


II 

li 


a 


o 


JPoundi. 

45.000 

58,000 

70,100 

80,000 

96,900 

110.300 

116,900 

118,000 


Elongation  of- 

- 

No.l. 

No.  9. 

No.  3. 
It 

No.  4. 

// 

It 

II 

.06 

.03 

.03 

.11 

.08 

.03 

.05 

.09 

.06 

.03 

.03 

.10 

.00 

.03 

.09 

.07 

.05 

.09 

.03 

.08 

.10 

.03 

.04 

.06 

.11 

.04 

.03 

.19 

.07 

.03 

.04 

.08 

CA 


.a 
o 

*t 

a 


Pounds. 
85,000 
105, 000 
196,  400 
159,900 
195,500 
901.100 
993,700 
939,000 


9 
9 
4 
4 
9 
9 
9 
9 


o    . 
o 

a  u 
o  a 

I- 

5  (H 


Elongation  of  onbroken 
links. 


No.l. 


II 

.53 
.62 
.89 
.90 

1.10 
.65 

1.19 
.67 


Na9. 


// 


.82 
LOO 


No.  3. 


II 

.73 
.80 
.88 
.87 

1.00 
.60 

L38 
.90 


Na4. 


II 

.SO 
.64 


L50 
.50 
.90 

LOS 


Six  of  the  mptures  occurred  upon  No.  9  link,  all  upon  studded  links,  and  at  the  stress  at  which 
thev  yielded  aU  ot  the  open  links  were  serviceable. 
Ais  is  a  hard,  coarse,  common  chain -iron.  * 

The^ie  carefully  made  tests  indicate  that,  with  oi*dinary  chain-iron, 
although  the  flrst  stretch  of  the  open  link  is  jiroduced  by  a  much  lower 
1^  stress  than  that  which  the  studded  one  withstands,  yet,  ui>on  the  strain 
becoming  more  severe,  the  disproportion  in  its  effects  becomes  less,  and 
that  frequently  the  open  link  is  still  serviceable  after  the  studded  link 
has  broken. 

A  curious  phenomenon  was  noticed  during  these  tests.  In  breaking 
33  sections,  made  from  four  irons,  22  of  the  ruptures  occurred  upon  No. 
2  link. 

In  each  case  there  was  no  known  difference  in  the  strength  of  the  dif- 
ferent links;  and  we  can  only  attribute  the  frequency  of  this  rupture  to 
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the  location  of  the  link,  and  in  so  doin^  we  are  indnced  to  believe  that 
the  action  of  the  testing-machine  was  not  tliat  of  steady  tension,  as  we 
had  hitherto  assumed. 

N'o.  2  link  was  in  each  case  the  nearest  studded  link  to  the  engine  by 
which  the  force  was  developed,  and  a  theory  suggests  itself  by  which  the 
phenomenon  may  be  explained. 

The  tension  is  produced  by  strokes  of  a  hydraulic  pump;  between 
these  strokes  the  chain  is  strained  by  the  amount  already  accumulated, 
and  this  strain  is  increased,  not  gradually,  but  by  a  succession  of  sharp 
strokes,  the  effect  of  which  is  probably  as  follows:  At  the  beginning,  as 
the  stress  becomes  equal  to  the  elastic  limit  of  No.  1  link,  which  is  not 
studded,  the  sides  slowly  close,  and  thus  a  portion  of  the  force  is 
absorbed,  and  No.  2  link  does  not  receive  so  great  a  strain  as  No.  1  has 
before  another  stroke  increases  that  ui)on  the  latter. 

When  the  stress  becomes  so  great  tliat  No.  1  has  closed  so  much  that 
nearly  as  much  is  required  to  further  close  it  as  to  break  it,  the  stress  is 
applied  at  once  to  No.  2  with  slight  reduction. 

No.  2  receives  this  stress  as  a  sudden  strain ;  but  by  the  ma^  of  its 
material  and  its  inertia,  transmits  it  to  Nos.  3  and  4  as  a  nearly  steady 
strain,  No.  2  acting  toward  Nos.  3  and  4  as  does  the  anvil  on  the 
breast  of  an  athlete,  and  absorbing  the  blow.  Finally,  No.  2  receives  a 
stroke  which  breaks  it  before  it  has  time  to  transmit  to  No.  3.  If  this 
is  not  the  cause  of  the  phenomenon,  we  are  unable  to  assign  one. 

The  following  records  were  obtained  in  the  manner  described: 

Breaking-atraiiu  of  aeciioiu  of  links  of  various  irons. 


a 

a 


1 
9 
3 
4 

5 

6 
7 
8 
9 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

1 
S 
3 

4 
5 
'6 
7 
8 
9 

10 

11 

IS 

13 


9 

to 


In. 
I 


n 


u 


M 


5 
9 
2 
9 
3 
5 
3 
3 
3 

3 
9 
8 
9 
3 
3 
9 
3 
3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

9 


■ 


M 


Pounds. 
79.900 
73.632 
79,679 
71,719 
70,300 
69,600 
68,000 
67.600 
60,400 

89.280 
8p>,800 
67,500 
86.400 
85,000 
85,000 
84,500 
81.400 
80,900 
76,000 

193.500 
122,100 
119.800 
119,500 
119,000 
llf,  480 
114,000 
113,000 
112,500 
112,000 
119.000 
111,000 
110,800 


Where  broken. 


r.W... 

r.B.... 

.do  .... 
..do  .... 
Qr.W... 

do.... 
Thro.B. 
Threw 
Thro.  B  . 


Qr.B  ... 
Qr.W... 
..  .do  . ... 
•  do  ... . 
Thro.  W 
. . .  do  .... 
Qr.W  .. 
Thro.  W 
Qr.W... 
..do  .... 


D. 

JL. 

A. 

A. 

Fjl 

A. 

O. 

F. 

P. 

A. 

A. 

D. 

F. 

F. 

N. 

K. 

Fx. 

O. 

P. 


J 

a 

s 
5Z5 


14 
15 
16 
17 
18 
19 
20 
21 

1 
9 

3 
4 
5 
6 
7 
8 
9 
10 

1 

9 

3 

4 

5 

6 

7 

8 

9 
10 
II 
12 
13 
14  I 


a 
05     ^ 


In. 

H 


lA 


t« 


a 
fa 


••.3 


3 
3 
3 
9 
3 
9 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
9 
3 
2 
3 
3 
3 
3 
3 
4 
3 
3 


I 

a 
•ft 

•a 

o 

Wt 


Where  broken. 


Pounds. 

107,  GOO 

105,000 

100, 000 

101, 700 

101,000 

96,000 

95  500 

92,000 

117,000 
115.000 
111,500 
110,500 
110,000 
109,500 
109,500 
109, 000 
92,000 
77,000 

137,200 
136,600 
136,320 
134,  592 
133,  000 
130.  4  SO 
132.000 
128,600 
127.600 
126,800 
126,600 
126,400 
126,  0  0 
195,800 


Thro.  B . 

,..do 

ThraW 
,..do  .... 


Qr.W... 

Thro.W 

Qr.B... 

Qr.W... 

...do  .... 

Qr.B.... 

Thro.W 

Thro.  B  . 

Thro.  W 

...do  .... 

..  do  ..... 

Qr.W... 

Qr.B  ... 

Qr.W... 


I 


F. 

K. 

M. 

F. 

M. 

£. 

O. 

H. 

H. 

P. 
P. 
P. 
P. 
P. 
P. 
M. 
M. 

D. 
M. 

A. 

P. 

M. 

A. 

M. 

F. 

M. 

M. 

M. 

N. 

H. 

E. 
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BreatUng-atraiuB  of  aeoHom  of  Unk9  of  vaHoiM  iron*— Gontinued. 


Ii 


1 

'^12 

a 

u 

M 

^5 

a 

B 

p 

i 

S 

3 

? 

% 

s 

« 

n 

In. 

Poufu2«. 

15 

li 

3 

125,000 

16 

3 

12S.000 

17 

3 

124.  OOU 

Id 

3 

12^,500 

19 

3 

129,000 

90 

3 

121. 000 

SI 

3 

120.500 

« 

3 

119,000 

83 

9 

119.000 

^ 

3 

118,400 

tf 

3 

115,600 

36 

3 

115,000 

27 

3 

113,000 

So 

3 

111,000 

29 

3 

111,000 

30 

3 

ioe,ooo 

31 

3 

105.800 

33 

3 

103.400 

33 

3 

96,000 

34 

3 

95.800 

35 

3 

95.000 

1 

i^ 

S 

155, 040 

9 

2 

154,750 

3 

9 

154,000 

4 

5 

153,400 

5 

2 

152,600 

6 

9 

152.000 

7 

2 

151,  700 

8 

2 

150.700 

9 

2 

15(1,000 

10 

2 

149.000 

11 

2 

144,  480 

12 

3 

143,500 

13 

3 

141,200 

14 

3 

141,000 

15 

3 

141,000 

16 

3 

140,900 

17 

2 

140,000 

Itt 

2 

139,600 

19 

3 

139,400 

1 

11 

3 

173.000 

S 

3 

169,000 

3 

7 

163.700 

4 

2 

162,800 

& 

3 

162,000 

6 

3 

161,000 

i 

3 

160,300 

8 

2 

159,400 

9 

3 

159,400 

10 

3 

158,600 

11 

3 

158,000 

12 

10 

157.  000 

13 

3 

156,000 

14 

3 

155,600 

U 

3 

155,  600 

16 

3 

155,500 

17 

3 

155,500 

18 

10 

155, 100 

19 

3 

155,000 

» 

3 

153,000 

21 

4 

152.200 

S8 

3 

152,000 

83 

3 

151,600 

%K 

3 

151.000 

% 

3 

150,500 

28 

2 

147,840 

27 

5 

147,000 

iU 

3 

143,900 

t9 

S 

143,000 

30 

3 

140,000 

31 

2 

134,502 

Where  broken. 


m 

^ 

a 

=3    . 

■•^-fi 

o  S 

u 

u^ 

% 

^a 

(j 

a 

s 

a"" 

1 

a 

s 

Sq 

35 
In. 

« 

0. 

1 

It 

3 

M. 

2 

3 

Fx. 

3 

5 

M. 

4 

10 

M. 

5 

3 

M. 

6 

2 

M. 

7 

2 

M. 

8 

2 

F. 

9 

3 

P. 

10 

3 

M. 

11 

3 

M. 

12 

3 

M. 

13 

7 

M. 

14 

2 

M. 

15 

3 

H. 

16 

2 

M. 

17 

2 

M. 

18 

3 

-ilL 

19 

3 

M. 

M. 

1 

IH 

2 

B. 

2 

3 

a 

3 

3 

B. 

4 

2 

B. 

5 

2 

B. 

6 

5 

B. 

7 

2 

B. 

8 

2 

B. 

9 

2 

a 

10 

5 

B. 

11 

7 

B. 

12 

2 

P. 

P. 

P. 

1 

IS 

2 

P. 

2 

2 

P. 

3 

3 

a 

4 

3 

B. 

5 

2 

p. 

6 

3 

7 

3 

D. 

8 

3 

M. 

9 

7 

c. 

10 

3 

c. 

11 

3 

M. 

12 

3 

M. 

13 

3 

C. 

14 

3 

A. 

15 

2 

C. 

16 

10 

M. 

17 

10 

M. 

18 

3 

C. 

19 

3 

p. 

20 

5 

M. 

21 

3 

M. 

22 

5 

0. 

23 

7 

p. 

24 

10 

C. 

25 

3 

Af. 

Px. 

N. 

1 

Ml 

2 

M. 

2 

2 

M. 

3 

3 

M. 

4 

3 

F. 

5 

7 

A. 

6 

3 

C. 

7 

3 

M. 

8 

2 

K. 

9 

5 

M. 

10 

3 

P. 

11 

5 

199,000 
195,500 
194,900 
188,200 
187.000 
185,300 
184,900 
183,900 
182,000 
180,000 
180,000 
179,000 
177,100 
174.  700 
174, 7' O 
171,000 
169.000 
168.000 
125,000 


214. 160 
907,000 
201,480 
204.480 
202.560 
201,0^ 
199.680 
198, 700 
196,  990 
196,800 
195,  hOO 
194,880 


231,300 
225,600 
225.600 
223,000 
216,  01)0 
215,600 
213, 000 
213.000 
21-2,  200 
212,000 
212,000 
207,400 
207,000 
204,000 
203,500 
203,  500 
202,600 
201,100 
197,600 
196,800 
195,800 
193,000 
192,  000 
191,000 
185,500 


231,  940 
230,590 
2-28,  600 
2-28,600 
222,  7'X> 
222,000 
22-2,000 
212,  700 
211,300 
210,000 
204.400 


Where  broken. 


P. 

N. 

C. 

C. 

liL 

C. 

C. 

K. 

D. 

O. 

M. 

A. 

O. 

F. 

C. 

K. 

A. 

Fx. 

M. 


a 

M. 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


c. 
c. 

M. 

M. 

A. 

M. 

A. 

M. 

C. 

M. 

P. 

(J. 

0. 

D. 

F. 

C. 

C. 

?: 

G. 
C. 

Q. 
C. 
C. 
Fx. 


a 

B. 
M. 

I 

M. 
M. 

a 
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Breaking-BtrainB  of  seeHotu  of  Unka  of  vartone  iron9 — Continued. 


B 

d 


1 
9 
3 

4 
5 
6 

7 
8 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


•3 

CO 


i 

'A 


In, 


2 
3 
3 
3 
3 
3 
3 
3 


2 
2 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 


1 


1 

2 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1 
2 
3 
4 

5 
6 

7 


n 


n 


lA 


Pounds. 
252,960 
237,000 
233,000 
230,900 
223,700 
215,600 
215,000 
205,600 


283,200 
279.936 
278,000 
278,000 
276.000 
270,240 
269,000 
268,800 
268,750 
268,224 
260,832 
25t^,900 
257,260 


Where  broken. 


Side 

Qr.B 

...do 

Qr.W.... 

...do 

ThraW. 

...do 

...do 

Qr.B  .... 
Thro.B.. 

Qr.B 

Side 

Qp.W.... 
Qr.B  .... 

...do 

Not  broke 
Qr.W.... 

...do 

...do 

...do , 

Qr.B  .... 


OD 

M 

a 

•v^ 

Z^ 

»; 

fci 

i^ 

i^d 

• 

1 

a 

0 

i 

In. 

a"" 

d 

A. 

14 

9 

3 

a 

15 

2 

p. 

16 

2 

p. 

17 

3 

N. 

18 

2 

P. 

19 

2 

D. 

Px. 

d 

3 
3 
3 

▲. 

2 

A.. 

M. 

4 

M. 

M. 

4 

A. 

A. 

3 

A. 

P. 

3 

A. 

A. 

2 

K 

A. 

1 

9 

2 

a 

■P 

d 

1 


Pound$. 
255,000 
248,000 
244,000 
238.000 
233,600 
230,000 

242.000 
240.000 
240,000 
240,000 

116.000 

156,000 

•196,200 

209,800 

236,000 

242,000 


Where  broken 


Side 

Qr.B 

Thro.B.... 

W 

ThraW... 
...do 

Not  broken 

■  ■  •  CIO    •  •*■•«■ 

...do 

...do 

Thro.  W... 

....do 

Qr.  B 

Qr.W 

Thro.  W... 

Not  broken 


Breaking  strain  of  single  links. 


76,320 
75,963 

101.800 
100.400 
97,900 
97.  400 
96.600 
95,000 
94,100 
94,080 
92,200 
90,200 
87,500 
87,400 
85,500 

128,832 
128,600 
125,  500 
124;  eOO 
124,  800 
124,  HOO 
123,800 
123,  500 
122,  800 
122,100 
122,000 
121,000 
119,000 
115,800 
115,200 
113,  700 
113.  300 
112,500 
111,360 
111,000 
110,  400 
109,400 

133,000 
130,000 
128,000 
123,000 
121,  800 
113,  400 
110,000 


A. 

1 

1| 

A. 

2 

3 

C. 

4 

K. 

!    5 

F. 

6 

D. 

7 

•      W    «•    A 

A. 

8 

D. 

i    9 

P. 

10 

A. 

11 

K. 

12 

£. 

1  ^3 

B. 

14 

E. 

'  15 

B. 

16 
17 

P. 

18 

K. 

19 

M. 

20 

M. 

21 

D. 

22 

C. 

,  23 

K. 

24 

M. 

1  '^ 

D. 

'  26 

C. 

27 

*     • 

M. 

28 

1 

M. 

,  2» 

1 

E. 

'  30 

1 

M. 

31 

1 

h- 

B. 

F 

E. 

1 

iA 

A 

2 

M. 

3 

M,! 

4 

E. 

5 

1 

6 

M. 

7 

M. 

8 

M. 

9 

P. 

10 

P. 

1  11 

P. 

'  12 

M. 

1  13 

1      I 

144,800 
142,000 
141,000 
139,600 
139,500 
139,200 
137,700 
137,200 
136,800 
136,000 
135,600 
135,400 
135.000 
134,880 
134,800 
134.  400 
133,500 
133,000 
132,  6U0 
132,000 
130.  100 
130,000 
127, 600 
126,700 
125.600 
116, 000 
115.000 
113,300 
113,000 
112. 100 
105,000 


178,000 
162,  432 
162, 050 
155,500 
155. 100 
153,600 
153,500 
153. 020 
150, 5:)0 
149,  760 
149,600 
139,400 
138,600 


I 


M. 

A. 

A. 

O. 

P. 

N. 

P. 
D. 
Fx. 
A. 

Px. 

Px. 

Px. 

Px. 

Vjl. 

Px. 


D. 

D. 

M. 

M. 

M. 

E. 

£. 

K. 

F. 

^. 

M. 

F. 

K. 

A. 

C. 

M. 

M. 

M. 

E. 

C. 

E. 

M. 

M. 

K. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 


K 

K 

B. 

P. 

Q. 

J. 

P. 

B. 

B. 

R 

O. 

P. 

L. 
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BfHiking'BtraUi  of  tingle  Ukks — Continued. 


I 


^        _ 


1 

9 
3 
4 
5 
6 

m 
I 

8 
9 
10 
11 
19 
13 
14 
15 
16 
17 
18 
19 

ao 

91 
99 
93 
94 
95 
96 
97 
98 
99 
90 
31 
39 
33 

I 
9 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

90 

21 

S9 

93 

94 

95 

1 

9 


a 

?Z5 


In. 
1* 


If 


HI 


-a 

s 


Pounds. 
193,900 
184.700 
179,990 
178,500 
178,900 
178, 100 
176,300 
174,700 
174,000 
173,700 
ir3,000 
171,800 
170.000 
168,960 
168,600 
167,000 
166,560 
165,600 
165,600 
165,600 
164,640 
163,680 
162,400 
161,000 
160,100 
158,900 
158,400 
157,600 
155,600 
153,000 
192,600 
147,  600 
146,900 

915,400 
905,056 
204,100 
203.500 
203,200 
199.700 
199,300 
197.  HOO 
195.200 
194,300 
193,000 
192,900 
190, 100 
189,100 
186,800 
185,300 
184,  800 
182,500 
178,600 
175.000 
173,000 
163,600 
163.900 
135,000 
190,000 

333,800 
SS2.900 


Where  broken. 


eo 

M 

a. 

^^ 

_• 

tt 

1 

a 

^ 

E 

e 

• 

s 

M 

^ 

S5 

^ 

In. 

L. 

3 

IH 

EL 

4 

E. 

5 

D. 

6 

C. 

7 

D. 

8 

C. 

9 

C. 

10 

M. 

11 

C. 

H. 

1 

1* 

C. 

9 

H, 

3 

C. 

4 

M. 

5 

C. 

6 

C. 

7 

C. 

8 

M. 

9 

M. 

10 

C. 

11 

c. 

12 

K 

13 

M. 

14 

G. 

15 

E. 

16 

A. 

17 

J. 

18 

M. 

19 

M. 

20 

F. 

21 

M. 

29 

K 

1 

m 

K. 

2 

E. 

3 

H. 

4 

C. 

5 

K 

6 

D. 

7 

C. 

8 

C. 

9 

G. 

10 

E. 

11 

M. 

12 

C. 

13 

C. 

14 

F. 

15 

C. 

16 

£. 

17 

A. 

M. 

1 

u 

C. 

2 

If. 

3 

M. 

4 

L. 

5 

K. 

6 

M. 

7 

H. 

1 

'Z 

K. 

2 

L. 

3 

a 
I 


Pounds- 
221,050 
219,300 
213,606 
913,190 
911.600 
207.000 
203,140 
198,000 
197,  800 

956,300 
954,600 
941.500 
941.000 
337.100 
935,600 
935,000 
932,300 
931,400 
3-28,500 
926,500 
225.200 
922,700 
321.500 
918,  304 
915.  520 
215. 2()0 
210, 200 
200.600 
200.000 
198,600 
193,000 

249.  oro 

243.000 
240,  770 
239,420 
234,  816 
234, 050 
233,280 
232,000 
228.860 
227. 300 
225,600 
225.220 
323,300 
219,260 
210,  000 
210,000 
195,800 

964.000 
963, 000 
952,480 
943.600 
938,100 
223,600 
923,200 

393.760 

978, 000 
276.500 


Where  broken. 


§ 


B. 

K. 

E. 

B. 

J. 

M. 

B. 

G. 

C. 

c. 

L. 
K. 
C. 
C. 

M. 

C. 

D. 

C. 

C. 

H. 

J. 

E. 

E. 

A. 

G. 

F. 

C. 

M. 

M. 

M. 

M. 
M. 

B. 

B. 

E. 

B. 

B. 

L. 

B. 

C. 

M. 

B. 

G. 

B. 

M. 

M. 

J. 

K. 
K 
A. 
E. 
D. 
E. 
F. 

A. 
M. 
D. 
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TE8T8   OF  HETAL8. 


The  following  abstract  shows  the  extreme  variation  that  we  have  found 
in  the  strength  of  cable  of  the  same  size,  made  from  several  irons.  We. 
gather  from  it  that  a  variation  of  from  5  to  17  per  cent,  may  be  expected 
in  the  strength  of  ordinary  cables;  and  that  if  proper  care  is  not  exer- 
cised in  selecting  the  material,  the  average  variation  may  rise  from  12  to 
25  per  cent,  of  the  strength  of  the  strongest : 


Sise  of  omblo. 


4*  ** 

a 


In, 

1.. 

1*. 

U 

lA 

l| 

\t 

If 


Strength  of  oable. 


6 
7 
7 
1 
9 
2 
9 
12 
3 
8 
3 
6 
8 


a 

p 

a 

M 


Powndt. 
79.200 
^280 
122,100 
115,000 
137,200 
155,040 
173,000 
199,000 
2U,  160 
231,300 
a:U,  940 
252,900 
283,300 


a 
a 


Pound*. 
67.600 
80.900 
101.  700 
109,000 
125,000 
139,400 
147,000 
168,000 
194,  &K) 
191,000 
204,400 
215,  000 
240,000 


Variation  in 
strength. 


•a 

I 


11,600 
8,:i«) 
20,400 
6,000 
12,200 
15,  640 
26,000 
31,000 
19,280 

40,:mo 

27, 540 
37,960 
43,200 


°a 

S§ 

u 

Pk4   S 


s 


14 

9.4 
16.  ( 

5 

8 
10 
15 
15.  i^ 

9 
17 
12 
11 
15 


13.1 


1 


II 


1 


p. 
p. 

K,  M,0. 

li. 
M,Px. 


M,K,P. 
M. 


Fx. 


Variation  im 

strength  by 

ioclndinit 

omitted  linka 


18,800 
13,300 
31,100 
40,000 
43.200 


38,400 
74,000 


45,800 
47,860 


I 


aa.7 

14.7 
35 

34.7 
30.7 


37 


19.7 

ia.'i 


99.1 


The  excessive  variation  in  case  of  the  If"  is  due  to  the  fact  that  a 
portion  of  a  lot  of  excellent  chain-iron  C  was  composed  of  very  inferior 
material,  which  was  very  irregular  in  strength,  the  strongest  link  in  the 
lot  breaking  at  231,300  pounds,  and  five  out  of  eleven  sections  breakiag 
at  less  than  200,000  pounds;  the  minimum  being  that  in  the  table, 
191,000  pounds. 

N"o  system  of  tests  made  upon  cable-bolts  alone  would  have  detected 
with  certainty  this  inferior  iron.  Hud  the  iron  been  furnished  in  30-feet 
bars,  each  bar  would  have  produced  16  bolts,  with  a  remiinder  of  24 
inches  for  test  purposes,  the  test  of  which  would  have  given  valuable 
evidence  of  the  character  of  the  16  links. 


WEIGHT  OP  CHAIN-CABLES. 

The  chain-cables  manufactured  by  the  ordinary  systems  are  very  heavy, 
and  we  are  led  by  the  results  of  our  investigation  to  believe  that  their 
weight  can  be  reduced  advantageously,  and  as  great,  if  not  greater  safety- 
be  secured. 

If  this  result  can  be  accomplished,  it  would  prove  of  great  value  to  the 
mercantile  marine,  where  as  much  space  and  tonnage  as  possible  are 
required  for  cargo,  and  where  vessels  are  frequently  short-handed. 

Two  methods  present  themselves  as  results  of' our  experiments,  the 
first  founded  upon  our  investigation  of  the  action  of  the  rolls  and  our 
impact-tests  combined,  and  the  second  upon  our  comparative  experi- 
ments of  the  strength  of  studded  and  open  links. 
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The  weight  and  dimenBioiis  of  the  various  i>ortion8  of  cables  of  differ- 
ent sizes,  and  of  fall  cables,  of  the  length  ordinarily  used,  are  given  in 
the  following  table : 

NiMiber  and  weight  of  Unlet  in  150 /alAovM,  dimemaiona  and  weight  of  cdble-bolte  andfiniaked 

UnkSj  with  the  weights  of  emvelSf  shaekUte,  and  cltUhlinke. 


Number  of  links 
in  150  fathoms. 

Weii^ht  Of  links 
in  150  fathoms. 

Cable-bolts. 

4 

I 

Finished  links. 

Weight  of— 

Muuiboruf  links 
in  fathom. 

Total  weight  of 
150    fatnoms 
cable. 

i 
1 

i 

In. 

t 

• 

t 

a 
In. 

• 

i 

In. 

• 

1 
1 

6 
1 

• 

a 

1 

3 

Studded 
link. 

Open 
link. 

LbM. 

LbM. 

Lb9. 

LU. 

IAm. 

IA>9. 

Lb». 

Lb*. 

Lb». 

1... 

2,925 

8,482 

7,751 

13 

2.65 

.25 

f^W 

3f« 

2.90 

17 

6.5 

50 

19J 
18j 

b,665 

7,934 

lA- 2.775 
U..   2»7O0 

9,518 

8,835 

19i 

3.18 

.25 

e" 

3H 

3.43 

17 

6.5 

50 

9.701 

9,008 

11,394 

10,906 

13* 

3.78 

.44 

eS 

4 

4.22 

91 

9 

83 

18 

11,650 

10,469 

lA     2.550 

12,470 

11.348 

"4 

4.45 

.44 

6U 

\t 

4.89 

21 

9 

83 

17 

19,726 

11.604 

1} .     2, 450 

i:),  916 

12,691 

15 

5.18 

.50 

7 

5.68 

96 

U 

96 

16 

14.936 

13,090 

I A     2,325 

15. 113 

13,950 

15i 

6.00 

.50 

7A 

^A 

6.50 

96 

19 

96 

15* 

15.  449 

14,  379 

1}..    2.350 

16,920 

15.  525 

16J 

6.90 

.63 

vJ 

4fl 

7.5i 

30 

15.5 

131 

15 

17,  336 

15,931 

If: 

2,100 

17,850 

16.548 

7.88 

.62 

8 

^^ 

&S0 

30 

15.5 

131 

14 

18.356 

16,954 

2,025 

19,643 

18, 124 

18 

8.95 

.75 

8^ 

v! 

9.70 

35 

19.5 

165 

134 

20,143 

18,694 

I 

^ 

1,950 

91, 197 

19,734 

m 

10.12 

.75 

^\h 

SA 

10.87 

35 

19.5 

165 

13 

31,697 

90,934 

1 

1.875 

93.344 

21,356 

19* 

11.39 

1.06 

9 

5H 

12.45 

48 

24 

990 

19* 

33,996 

99,008 

1 

i 

1,»0 

24.858 

23,950 

20i 

12.75 

1.06 

'1^ 

6 

13.81 

48 

24 

330 

19 

95.510 

93,609 

h 

1,7% 

28,686 

24,530 

21 

14.22 

1.25 

^\ 

15.47 

62 

39 

363 

11* 

97,480 

95,330 

I 

1 

1.650 

28,133 

26.070 

21* 

15.80 

1.35 

lOA 

«A 

17.05 

69 

29 

363 

11 

98,933 

96,870 

1 

1,650 

31,350 

28.875 

2*4 
23| 

17.50 

1.50 

lOA 

fv  1 

6  I 

19 

75 

34.5 

339 

11 

39,334 

99,859 

1 

i     1,575 

34,760 

30,398 

19.30 

1.50 

10l| 
10  i 

90.80 

75 

34.5 

339 

lOi 

33,744 

31,383 

2... 

1,500 

34,980 

31, 845 

24 

21.23 

3.09 

'A 

33.33 

95 

10.5 

360 

10 

36,195 

39,990 

S. 

1,500 

38,070 

34.935 

^ 

23.99 

3.09 

ii>" 

7f« 

7  8 

35.38 

95 

40.5 

360 

10 

39, 915 

36,080 

1,425 

30,501 
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The  first,  third,  sixth,  ninth,  and  twelfth  stretch <^  have  each  a  swivel  placed  in  the  center  of  them 
The  weight  of  tiie  bolts  is  based  on  an  estimate  allowing  .9816  pound  to  oubio  ioch. 

FIRST  METHOD  BY  WHICH  THE  WEIGHT  CAN  BE  REDUCED  TO  A  GREATER 

PROPORTIONAL  EXTENT  THAN  THE  STRENGTH. 

We  have  found  that  when  made  from  the  same  material  the  large  bar 
possess  less  strength  in  proportion  to  their  areas  than  the  small  ones,  a^ 
opi>osed  to  steady  strain,  and  generally  much  less  absolute  power  to  re- 
sist sudden  strains,  and  in  connection,  that  through  the  greater  amount 
of  work  which  it  receives,  the  bar  of  If  diameter  is,  upon  an  average, 
folly  4,000  pounds  per  square  inch  stronger  than  the  2"  bar.  This  dif- 
ference of  4,000  pounds  we  derive  from  the  following  data :  With  the  irons 
A,  D,  D  (second  lot),  E  (1^")?  F  (two  lota),  N,  O,  and  P,  we  And  that  the  ex- 
cess of  tenacity  of  the  If"  bar  over  that  of  the  2"  is  4,163  pounds,  2,449 
pounds,  5,721  pounds,  4,535  i>ounds,  3,207  pounds,  2,057  pounds,  4,596 
pounds,  4,152  i)ounds,  and 4,800  pounds,  giving  anaverage  for  the  nine  lots 
of  4,030  pounds,  which  is  probably  lower  than  it  would  be  if  the  record  of 
the  irons,  which  were  very  thoroughly  worked  on  all  sizes,  were  omitted, 
as  they  might  be,  they  all  proving  too  soft  and  too  expensive  to  be  fairly 
considered  as  chain-irons.  Assuming,  however,  this  difference,  w^hich  is 
probably  a  minimum  as  regards  "  chain-iron,^'  the  strength  per  square  inch 
of  a  If"  bar  would  be  54,01)0  pounds,  if  that  of  the  2"  was  50,000  pounds, 
and  the  entire  strength  of  the  If  would  be  112,000  pounds,  which  is  71 
per  cent  of  that  of  the  2",  \tz,  157,000  pounds.  (The  1^"  bar  of  iron  E 
is  substituted  for  the  If"  for  the  reason  that  in  this  case  the  pile  for  the 
1^"  was  of  the  same  area  as  that  for  the  2".) 

If  the  two  bars,  2"  and  If",  were  equally  valuable  in  every  respect  for 
cable,  and  both  in  link  form  developed  the  same  percentage  of  the  bar's 
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strength,  say  163  per  cent.,  the  strength  of  the  If  cable  would  be 
182,600  pounds,  which  is  71  per  cent,  of  that  of  the  2",  viz,  256,000 
pounds,  while  its  weight,  23,996  pounds,  would  be  but  66.4  %  of  that 
of  the  2",  viz,  36,125  pounds.  If  it  be  considered  that  the  loss  in  actual 
power  to  resist  steady  tension  is  not  counterbalanced  by  the  gain  in  re- 
duced weight,  the  comparative  powers  to  resist  sudden  strains  should  be 
considered.  It  is  more  than  probable  that  the  greater  work  given  to  the 
If"  will  have  so  increased  its  ductility  that  its  power  to  resist  sudden 
strains  will  prove  greater  than  that  of  the  2"  cable. 

These  views  are  borne  out  by  many  of  our  experiments,  ftx)m  which  we 
will  select  the  bars  of  iron  N  for  comparison.  This  iron  was  sent  to  us 
by  a  prominent  maiuifacturer  in  answer  to  an  order  for  **  samples  of  best 
cable-iron." 

The  2"  bar  had  tenjicity  51,748  pounds,  and  when  broken  by  tension 
had  very  slight  reduction  of  area  and  elongation ;  broken  by  impact,  it 
proved  very  brittle,  and  while  in  no  ways  nicked  or  injured,  would  break 
like  a  pipe-stem  by  moderate  blows. 

Tested  as  cable,  the  links  developed  but  141  per  cent,  of  the  bai''s 
strength,  viz,  232,000  pounds. 

The  1|"  bar,  with  tenacity  56,344  pounds,  when  tested  by  tension,  re- 
duced in  area  to  60  per  cent,  of  the  original  and  elongated  23  jier  cent. 

Tested  by  impact  it  proved  fairly  tough,  deflecting  to  over  60°  before 
breaking,  and  when  circled  with  a  score  resisted  to  a  greater  extent  than 
did  the  2"  in  it«  normal  condition. 

Tested  as  cable,  the  links  developed  164  per  cent,  of  the  bar's  strength, 
breaking  at  195,500  pounds,  or  at  84  i)er  cent,  of  the  strength  of  the  2". 

In  this  case  there  can  be  no  doubt  but  that  the  smaller  and  lighter 
cable  would  have  proved  the  most  reliable. 

Irregularity  in  strength  is  a  great  fault  in  cable-iron ;  this  is  more  apt 
to  occur  in  the  large  than  in  the  small  bars,  one  reason  for  which  is  that 
irregidarity  in  heating  the  piles  produces  irregularity  in  strength,  and  to 
this  the  large  bars  are  more  greatly  exjwsed  than  the  small  ones.  The 
pile  and  resultant  bar  of  2"  weighs  four  or  five  hundred  pounds,  au<l 
while  passing  through  the  rolls  is,  of  course,  much  more  difficult  to 
handle  than  a  lighter  pile  or  bar;  there  are  greater  liabilities  of  '' buck- 
ing" and  "bending,"  and  while  the  workmen  are  mauling  the  bar  to 
straighten  it,  the  next  bar  to  be  rolled  is  being  delayed  in  the  furnace, 
and  tlie  eftects  of  variations  in  the  heat  are  not  proWded  against  by  reg- 
ulating the  latter.  It  seems  but  natural  that  if  the  pile  for  a  small  bar 
is  heated  enough  for  roUing  in  one  hour,  that  portions  of  the  large  pile 
are  in  the  same  time  equally  ready,  and  that  by  longer  delay  in  the  fur- 
nace they  beconie  overheated. 

The  effect  of  overheating  is  to  lower  both  the  elastic  limit  and  the 
strength. 

IiTegularity  in  the  workmanship  by  which  the  links  are  manufactui*ed 
produces  irregular  strength  in  the  cable.  To  this  the  larger  bars  are 
exposed  to  a  greater  extent  than  the  smaller  ones ;  the  iceld  is  less  apt 
to  be  perfect.  A  small  bar  is,  when  at  the  right  heat,  welded  by  a  few 
quick  blows,  and  the  time  of  the  operation  is  not  great  enough  to  aUow 
the  iron  to  become  too  cool.  With  a  large  bar  it  is  different.  It  requires 
more  and  harder  blows,  and  more  time ;  and  if  at  the  right  heat  when 
the  operation  is  begun,  it  may  be  too  cool  before  it  is  ended,  or  in  order 
that  it  shall  not  be,  it  may  be  heated  a  little  too  much  on  the  start;  the 
surface  of  the  weld  is  greater,  and  is  more  exposed  to  the  danger  of  in- 
terposition of  ashes,  dust,  or  scoria,  either  of  which  will  prevent  a  per- 
fect weld. 
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Finally,  if  the  cable  be  finished  without  any  accidental  defect,  the  proof 
of  the  2"  80  far  exceeds  that  of  the  1§",  in  proi)ortion  to  its  strength,  that 
it  is  possible  that  the  strength  it  may  have  had  will  be  lowered  by  it. 

For  the  reasons  assigned  we  are  of  the  opinion  that  the  margin  of 
safety  secured  by  the  use  of  a  cable  of  If"  iron,  weighing  12  tons,  is 
equally  as  great  as  by  the  use  of  the  2",  weighing  18  tous. 

SUBSTITUTION  OF  OPEN    LINKS    FOE    STUDDED    ONES    PROPOSED  AND 

DISCUSSED. 

There  exists  a  strong  prejudice  against  the  use  of  cables  made  from 
links  without  studs.  This  prejudice  is  based  upon  the  opinion  which  is 
very  generally  entertained,  that,  first,  the  open  link  is  not  so  strong  as 
the  studded  one;  second,  that  owing  to  the  want  of  the  support  given  to 
the  sides  by  the  stud  when  used,  the  open  link  will  collapse  at  a  much 
lower  strain  than  the  studded  one  will,  and  that  this  collapse  will  be  so 
p^at  that  the  links  will  nij)  each  other  and  becx)me  rigid ;  and,  third, 
that  the  liability  of  the  relative  position  of  the  links  becoming  misplaced 
is  greater  with  the  open  than  with  the  studded  links,  from  which  (*.ause 
lams  may  occur  in  the  hawse-pipe  when  the  cable  is  running  out,  or  after 
having  remained  some  time  with  a  slack  cable,  a  sudden  squall  tauten- 
ing it  might  produce  the  same  effect. 

The  first  of  these  objections,  viz,  that  the  open  link  is  weaker  than  the 
studded  ones,  our  experiments  show  to  be  without  foundation.  The  con- 
trary is  the  case  under  all  circumstances. 

We  are  led  by  the  results  of  our  tests  to  doubt  that  the  second  objec- 
tion exists  to  the  extent  generally  supposed.  We  find  that  in  all  cases 
the  open  links  begin  to  change  form  at  a  lower  stress  than  the  studded 
ones,  but  the  sides  having  straightened  somewhat,  the  stress  is  soon 
resisted  by  the  tenacity  of  the  mateiial  itself,  and  unless  the  iron  is 
verj'  soft  and  ductile  (much  more  so  than  is  usually  the  case  with  chain- 
iron),  tlie  closure  does  not  continue  to  be  rapid,  and  at  an  extreme  stress, 
Riflicient  to  rupture  the  studded  link,  if  there  be  one  in  the  section 
under  test,  the  closure  has  not  been  so  great  as  to  unfit  the  open  links 
for  service. 

With  irons  F  and  O,  both  extremely  ductile,  some  of  the  open  links 
were  too  much  closed  for  service,  but  others  were  not,  after  having  re- 
sisted the  stress  which  broke  the  studded  links.  Such  iron,  however, 
will  not  often  be  made  up  into  cables,  and  we  have  to  a  certain  extent  a 
resource  by  which  this  early  closure  of  the  sides  may  be  delayed  with  all 
irons. 

A  cable  made  of  bolts  of  J  of  an  inch  greater  diameter,  without  studs, 
will  possess  fiiUy  20  per  cent,  more  strength  than  the  smaller  studded 
cable,  and  will  weigh  but  a  trifle  more.  For  instance,  the  weights  and 
qualities  may  be  compared  by  giving  the  data  as  to  the  two  sizes,  one 
and  one-half  inch  and  one  and  five-eighths.  Their  weights  would  be  as 
follows : 

For  150  fathoms,  or  ten  sections,  1^"  studded  cable : 

Pounds. 

Nmnber  of  links,  2,025 :  weight 19, 643 

Numberof  s^iivels,  4;  weight 140 

Number  of  shackles,  10;  weight 195 

Number  of  club-links,  1;  weight 165 

Total., 20,143 
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For  150  fathoms^  or  ten  sections,  Ig^^  open-link  cable: 

Pounds. 

NnmberofUnks,  1,875;  weight 21,356 

Kumber  of  swivels,  4;  weight 192 

Kimiber  of  shackles,  10;  weight 240 

Number  of  club-links,  1;  weight 220 

Total 22,008 

Thus  the  difference  in  weight  would  be  but  1,865  x)ouuds. 

The  probable  strength  of  the  IJ"  studded  would  be  at  the  great-est 
157,000  pounds;  that  of  the  1|",  if  studded,  182,000  pounds,  and  if  un- 
studded,  considerably  more,  the  minimum  difference  of  25,000  pounds 
being  nearly  16  per  cent,  of  the  entire  strength  of  the  1^"  cable.  And 
as  the  action  of  the  stud  tends  to  pry  open  such  welds  as  may  not  he 
perfect,  the  chances  for  regularity  in  strength  are  much  increased  by  its 
omission.  And  it  is  more  than  probable  that  the  extreme  stress  which 
the  li"  would  break  at  would  not  close  the  links  of  If  to  such  extent 
as  to  render  them  unserviceable. 

The  third  objection  to  the  use  of  open-link  cables  is  that  it  is  presume<l 
that  they  are  more  liable  to  become  fouled  and  kinked  than  the  studded- 
link  cable,  while  being  stowed  in  the  chain-locker,  or  when  slack  and  the 
vessel  changes  her  position  without  tautening  the  cable. 

There  are  reasons  based  upon  facts  which  actually  exist,  connected 
with  the  process  of  manufacture,  which  justify  us  in  the  assumption  that 
the  danger  from  this  cause  is  not  so  great  with  ox)en-Iink  as  with  studded- 
link  cables. 

Before  giving  these  reasons,  it  will  be  admitted  that  with  perfectly 
made  studded  links  this  greater  liability  of  kinking  may  not  exist,  but 
links  are  not  always  perfect  and  of  tlie  dimensions  given  in  the  table 
(page  43).  With  such  links,  there  is  in  eiich  a  space  between  the  edge 
of  the  stud  and  the  crown  of  the  link  of  from  |"  on  a  one-inch,  to  g"  on 
a  two-inch,  the  link  being  made  from  a  bolt  of  exactly  twelve  diam- 
eters in  length,  and  the  stud  perfectly  trimmed  after  casting,  and  ac^usted 
to  the  exact  center. 

It  often  happens,  either  throiigh  fault  in  cutting  or  through  "  wast- 
ing in  the  fire,''  that  the  bolt  is  reduced  to  less  than  its  proper  length. 
Sometimes  it  happens  that  in  bending  the  links  one  leg  is  left  a  little 
longer  than  the  other.  When  the  bolt  is  shortened  by  "  wasting,"  its 
diameter  at  the  end  is  also  reduced,  and  the  welder  liits  it  a  few  times 
against  the  anvil,  which,  while  driving  back  or  upsetting  the  end,  gen- 
erally increases  it^  diameter,  and  a  long  lap  becomes  necessary.  If  the 
link  is  unevenly  bent,  the  same  upsetting  takes  place  by  blows  upon 
the  long  end.  Thus,  when  made  from  a  shortened  bolt,  there  is  a  great 
probabHity  of  a  large  w^eld  and  of  further  shortening  of  the  finished  link 
by  a  long  lap.  Assuming  a  link  to  be  thus  flnish(3  and  reduced,  from 
any  or  all  of  the  causes,  in  length,  there  arises  from  this  shortness  a 
probability  that  the  stud  will  not  be  exactly  centered.  While  being 
welded,  the  link  is  grasped  by  the  tongs  at  the  butt;  the  thickness  of 
the  tongs,  together  with  that  of  the  finished  link,  which  passes  through 
the  butt  end  of  the  one  being  welded,  prevent  the  stud  from  being  placed 
too  near  to  the  butt,  and  make  it  very  probable  that  it  ^vill  be  fixed  a 
little  off  center  toward  the  weld  end. 

The  link  being  thus  shortened,  and  the  stud  too  near  the  weld  end, 
still  another  reason  may  arise  whicli  may  cause  a  still  finrther  reduction 
of  the  space  between  stud  and  crown ;  thQ  edge  of  the  stud  may  not  be 
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smooth.  After  casting,  a  ^*gate"  is  frequently  left  on  the  edge  of  the 
stud  through  want  of  care  in  cutting  and  trimming  with  a  cold-chisel. 

Through  the  operation  of  any,  or  perhaps  all,  of  these  causes  the  space 
may  be  so  much  reduced  that  a  jam  is  rendered  highly  probable *at  any 
time  when  through  any  cause  the  normal  position  of  the  links  is  altered. 

In  the  following  cut.  Fig.  1  represents  a  one-inch  studded  link,  half 
size,  two  others  passing  tlirough  it. 

In  Fig.  2  the  same  link  is  shown  as  it  would  appear  if  shortened 
^  of  an  inch ;  the  solid  lines  of  the  stud  show  it  as  placed  in  the  exact 
center;  the  dotted  lines  show  a  very  i)ossible  inaccuracy  in  its  adjust- 
ment, by  which  the  space  is  diminished  to  i  of  an  inch.  If  it  be  still 
further  reduced  by  imperfection  of  the  stud,  the  chances  for  kinking  are 
great. 

Of  course,  links  need  not  be  made  thus  imperfect,  but  thej  frequently 
are  to  a  greater  or  lesser  extent.  Chain-welders  generally  do  "task- 
work,'' and  will  take  the  chances  of  an  imperfect  link  escaping  detection 
by  inspection  rather  than  expend  considerable  unremunerated  time  in 
cutting  out  and  replacing  defective  links.  Were  the  links  without  studs, 
the  r^uctiou  in  length  would  in  no  way  decrease  their  value.  The 
inside  diameter  of  the  links,  3f  x  l^"  on  a  V  link,  and  6J  x  3 J  on  a  2'% 
is  not  great  enough  to  permit  the  links  to  become  completely  shifted 
in  their  relative  positions.  And  as  when  the  two  links  within  a  tliird 
are  as  close  to  one  end  of  the  third  as  they  can  get,  there  is  still  a  con- 
siderable portion  of  the  one  nearest  to  the  center  of  the  third  which 
through  its  diameter  reaches  past  the  central  transverse  axis,  which 
portion  will  be  greater  if  the  third  or  center  link  is  shortened,  the  effect 
of  tension  would  be  to  cause  the  three  to  at  once  assume  their  proper 
^       position. 

Although  we  have  made  no  experiments  to  determine,  we  believe  that 
the  shorter  link  would  possess  more  strength  than  the  other. 

A  vessel  which  would  be  x^rovided  with  150  fathoms  of  studded  ly 
cable  would  probably  be  more  safely  fitted  out  with  105  fathoms  of 
nnstudded  If',  and  the  weight  could  be  thus  safely  reduced  from  20,143 
pounds  to  18,000  pounds. 

COMPAEISON  OF  RESULTS  OBTAINED  BY  TENSION  UPON  SECTIONS  OF 
CABLE-LINKS  AND  UPON  BARS  OF  THE  IRON  FROM  WHICH  LINKS 
WERE  MADE. 

It  was  considered  that  if  there  existed,  as  seemed  probable,  a  relation- 
ship between  the  strength  and  other  properties  of  the  round  bar,  and 
those  of  the  links  made  from  it,  that  it  would  be  a  valuable  result  to 
determine  such  relationship,  and  to  find  to  how  great  an  extent  it  coidd 
be  depended  upon,  and  within  what  margins  it  existed. 

If  such  a  relationship  could  be  found  which,  within  narrow  and  well- 
defined  limits,  indicated  that  the  strength  found  in  the  bar,  furnished 
aluable  evidence  as  to  the  probable  strength  of  the  links  made  from  it, 
lie  information  would  prove  of  great  value,  inasmuch  as  the  simple  and 
lexpensive  test  of  tension  upon  a  i)ortion  of  a  bar,  would  pro^ide  data 
y  which  the  probable  strength  of  a  cable  made  from  it,  could  be  judged. 
The  following  tables  have  been  prepared  for  the  puri)ose  of  developing 
lis  relationship  and  finding  its  margins. 

We  find  that  with  iron  of  moderate  tenacity  and  with  good  welding 
)ropertie8  the  percentage  of  the  bar's  strength,  which  is  carried  with 
^at  uniformity  into  the  link,  is  from  160  to  175  per  cent,  j  that  with 
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irons  of  unsuitable  qualities  this  percentage  is  frequently  lo\r  and  fre- 
quently high,  it  being  very  irregular,  and  averages  of  less  than  155  per 
cent,  made  up  of  very  irregular  factors  are  common,  and  that  with  the 
best  diain-iron,  although  there  may  be  links  which  develop  over  175  per 
cent.,  such  cases  are  rare. 

These  tables  also  contain  a  column  in  which  in  each  case  the  stress 
which  broke  the  cable  is  reduced  to  the  square  inch  in  order  to  ascertain 
the  effect,  upon  the  strength  of  the  transverse  section  of  the  end,  of  the 
change  of  form  from  a  straight  bar  to  a  sharp  arch. 

These  tables  furnish  much  of  the  data  which  has  been  utilized  by  us 
in  the  calculation  of  the  i)roof-table  contained  in  this  report. 
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Section  III. 
PEOOF  STRAINS  FOE  CHAIN-CABLES. 

EFFECTS  PRODUCED  BY  THE  USE  OF  THE  STRAINS  PRESCRIBED  BY 
THE  ADMIRALTY  PROOF-TABLE  —  DISCUSSION  OF  THE  PRINCIPLES 
UPON  WHICH  "proof-strains"  SHOULD  BE  BASED — PROOF-TABLE 
CALCULATED   UPON  SUCH   PRINCIPLES. 

A  finished  cable  has  yet  a  ftual  ordeal  to  undergo  before  it  is  issued 
for  ser\ice,  one  which  may  prove  disastiwis  to  its  value,  even  if  it  has 
escai>ed  every  danger  that  has  accompanied  its  manufacture.  It  is  to  be 
^'proved,"  wliich  means  that  each  of  the  fifteen  fathom  "sections''  of 
which  it  is  comi)osed  is  to  be  subjected  to  a  tensional  straui  sufficient  to 
make  it  probable  that  the  presence  of  any  very  defective  links  will  be 
made  manifest,  that  tliey  may  be  removed  and  replaced  bj'  others. 

As  tension  in  excess  will  probably  injure  the  cable,  it  becomes  a  matter 
of  importance  to  lix  upon  a  strain  for  each  size  wiiicli,  while  sufficient  to 
iusiu^  the  dete<*tion  of  unduly  weak  links,  will  not  jrroduce  them.  Most 
American  manufacturers  of  Ciible  use  for  each  size,  a  strt^ss  which  is  pre- 
wribe<l  by  the  standard  i)roof-table  of  the  British  Admiralty,  and  theh- 
cables  ai-e  sold  with  a  guarantee  that  the}'  have  been  so  i)roved.  Oiu* 
exi>erimentrs  leaxl  us  to  doubt  the  wisdom  of  thus  ai)plying  this  English 
standard  to  measure  American  material.  We  consider  that,  as  applied 
to  cables  made  from  American  bar-iron,  this  standanl  is  faulty  in  two 
important  respects: 

First.  The  stress  prescribed  by  it  for  every  size  of  cable  is  too  great, 

Second.  Tlie  stresses  for  the  dift'erent  sizes  are  unequal  in  their  propor- 
tion to  the  strength  of  the  links. 

And  we  assign  the  following  reasons  for  these  opinions : 

Fii-st.  Tlie  stress  for  all  sizes  is  based  ui)on  the  assumi)tion  that  the 
cal)le-l)olt8  of  all  diameters  possess  a  strength  e(pial  to  (K),(MK)  i)ounds  per 
w|uare  inch.  Few  bars  of  Americ^an  u*on  are  e^iual  to  this  sti*ength,  and 
when  they  are,  their  cost  i)recludes  their  use  as  cable-iron ;  and  as  has  been 
Kliown  in  the  investigations  by  t<»nsion,  although  this  strength  may  bi* 
fomid  in  the  small  bai^s,  it  is  not  found  in  the  large  sizes  of  the  same  iron. 

SiM'ondly.  If  the  bars  of  all  sizes  did  possess  tliis  strength,  the  '*  proof 
is  still  too  great,  for  it  probably  exceeds  by  a  considerable  amount  the 
elaMic  limit  of  the  links. 

The  table  Jis  furnished  to  the  (Mwnmittee  by  two  prominent  manufact- 
urei*s,  viz,  Messrs  J.  15.  Carr  &  Co.,  of  Troy,  and  Mr.  H.  L.  Fearing,  of 
Boston,  is  herewith  given,  that  the  discussion  which  follows  may  be 
clearly  understood. 

II.  Ex.  98 () 
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Columus  1  and  2  are  as  fiiniished  to  us;  No.  3  contains  the  stresses 
calculated  by  a  formula  given. 


Column  1. 

Col 

umn  9. 

Column  3. 

Size. 

Stress  in— 

Stress  in— 

Stress  In— 

Tons. 

rounds. 

Tons. 

Pounds. 

Tons. 

Pounds. 

II 

18 

40. 3*20 

18 

40,320 

18 

40, 320 

lA 

SO 

44.8U0 

30 

44,  POD 

20.32 

45. 517 

U 

2J 

51,  520 

21 

51.520 

22.78 

51.030 

S6 

58,200 

25 

55,9«H) 

25.38 

56,857 

1^ 

28 

62,  720 

29 

64,960 

2"'.  12 

6:1,000 

\f 

311 

67, 2i>0 

31 

69,  440 

31.01 

69,  457 

34 

76, 160 

34 

76,160 

34.03 

76,2:<0 

lA 

37 

82.880 

37 

82,^80 

37.22 

83.317 

U 

41 

91,800 

41 

91.800 

40.50 

90,720 

lA 

41 

98,500 

43 

96,320 

4:f.94 

98,437 

48 

107,  520 

4^ 

107. 520 

47.  .-i:* 

106.  470 

1  i 

52 

116,4fO 

51 

114,240 

51.25 

114.817 

1 

56 

125,  440 

5li 

125, 440 

.W.  12 

123.480 

1  1 

60 

134,  4(10 

59 

132, 160 

50.05 

1*2,  275 

1 

64 

143,360 

64 

143.:)60 

63.38 

141.750 

i« 

68 

152.  320 

68 

152,  320 

67.57 

151.3.'»7 

3 

72 

161. 280 

72 

161,  &i0 

72 

161, 28M 

It 

76 

171.360 

76.59 

171,517 

80 

i79, 200 

81.3 

181,  120 

81. 28 

182.070 

«A 

•  •  •  . 

...... 

.  . 

86.13 

192, 937 

2i 

^ 

197. 120  1 

1 

91.1 

204,064 

91.11 

204,  120 

The  formula  ui)on  which  column  3  is  calculated,  is  one  embodied  as  a 
rule  a«  follows : 

"  For  proof  of  each  size,  square  the  number  of  eighths  of  an  inch  in 
the  diameter  of  the  bar  and  multiply  the  result  by  630,"  the  result  being 
the  stress  in  ])ounds;  thus — 

1",  8  eighths  squai-ed  =  64,  and  64  x  630  =  40,320  pounds, 

2",  16  eighths  s(iuared  =  256,  and  256  x  630  =  161,280  pounds, 

lyV',  ^  eighths  squared  =  722,  and  723  x  630  =  45,517  pounds, 
whicn  are  the  proof-strains  for  the  above  sizes,  and  all  others  are  calcu- 
lated by  the  use  of  the  Harne  constant,  630. 

If,  as  has  been  i)ioveil  beyond  (piestion  by  bar-tension  tests,  the  dif- 
ferent-sized bars  of  the  same  iron  do  not  i>ossess  strength  in  the  proi>or- 
tion  of  their  areas,  the  etiect  upon  them  of  strains  which  are  based  uiK>n 
the  assumption  that  they  do  must  necessarily  be  unequal.  This  table 
so  assumes,  and  we  find  that  through  this  assumption,  those  sizes  which 
are  the  most  im])ortant  and  which  have  the  least  pixipoi-tional  strength, 
viz,  the  large  sizes^  are  by  this  ''  jiioof "  strained  to  a  much  greater  pro- 
portion of  their  actual  strength,  than  are  the  smaller  and  less  imi)ort4int 
cables. 

For  exami)le,  assume  that  two  cables,  one  of  2''  and  one  of  1"  iron,  are 
to  be  proved  by  the  Admiralty  standard.  The  first,  if  made  from  a  fair 
quality  chain-iron,  will  in  the  bar  form  be  equal  to  a  tensile  strain  of 
not  over  52,000  i>ounds  per  scpiare  inch,  wiiich  will  give  to  the  entire  bar 
a  strength  of  163,3(M)  pounds.  The  probable  strength  of  the  cable  made 
from  this  bar  will  be  not  over  265,600  pounds  (163  per  cent,  of  the  bar's 
strength),  and  it  is  very  probable  that  there  will  be  some  links  which  do 
not  exceed  155  per  cent.,  or  252,600  pounds;  the  Admiralty  proof  (161,280 
pounds)  is  equal  to  over  60  per  cent,  of  the  greater  and  nearly  64  per  cent, 
of  the  lesser  strength. 

The  bars  from  which  the  1"  cable  is  made  will  x)robably  be  equal  to 


TESTS   OP   METALS. 


83 


57,000  ix>uii(l8  i)er  square  inch,  wliicli  will  give  entire  sti'ength  44,770 
poands,  and  a  probable  strength  of  ciible  of  from  73,000  to  69,300  pounds, 
using  the  same  percentages  as  with  the  2".  The  Admiralty  proof-strain 
for  1"  cable  is  40,320  ix)unds,  which  is  55  per  cent,  of  the  greater  and 
58  per  cent,  of  the  lesser  strength,  which  shows  that  the  large  cable 
would  be  strained  firom  5  to  6  i>er  cent,  of  its  strength  more  than  the 
gnmll  one. 

Our  experiments  show  that  the  elastic  limit  of  the  large  bars  is  gen- 
erally lower  than  that  of  the  small  one^s  of  the  same  iron.  Hence  the 
irregular  effect  of  the  proof-strains  l)ecomes  a  dangerous  one. 

The  practical  and  actnal  results  which  we  have  found  to  occur  through 
the  use  of  this  table,  and  which  have  doubtless  occurred  with  many 
cables  prove<l  by  it,  but  which  have  not  been  found j  are  that  the  stress  is 
80  great  that  it  always  exceeds  the  elastic  limit  of  the  links,  and  fre- 
quently cracks  them. 

A  few  such  results  will  be  given.  Six  sections,  each  five  fathoms  in 
length,  were  made  up  fix)m  a  good  chain-iron;  three  were  of  1^  inch  and 
three  of  1|  inch;  all  were  **i)i'ove<l''  by  the  Admiralty  table,  and  after 
proof  inspectecl  in  the  shop;  all  wei-e  "passed"  as  sound,  but  ui>on  exam- 
ination by  aid  of  a  magnifjing-glass  fourteen  of  the  three  hundred  and 
eighty-seven  links  were  found  to  be  cracked. 

The  foUoviing  being  the  history  in  detail  of  the  experiments : 

Experiment  Xo.  1. 


Material,  Iron  C. 
SuofUnk,  IF';  Admiraltyproof,  10ft,  470  lbs.;  orij^inallength  of  liok,  9" ;  length  after  proof,  av.  9".  41.] 


• 

« 

g 

O 

O 
J3 

a 

9 

•J 

•A 
•g-H. 

n 

h 

EloDgatloii  at  stress  of- 

B 
—   1 

i 

i  i 

M 
V 

z 

1 

• 

at 
rs 
a 
a 

s. 

ge 

a 

9 

a 

X 

a 

9 

o 

Remarks. 

e 

m 

Feet.    \ 
30      , 
30.  f  : 
30.1  t 

I*onnds. 
64. -WO 
60.4^ 
54.600 

Inches. 

8 
9.6 

8.4 

Inches. 
10 
1-2 
12 

Inches. 

14.5 
14 

Thrive  links  cracked.  Ion  the  side  and  2  across  the  wold. 
Two  links  crackiMl  across  the  weld. 
Three  links  cracked  across  the  weld. 

Experiment  Xo.  2. 


Material,  Iron  C. 
[Sre  of  link,  14" ;  Admiralty  proof,  91,800  lbs. ;  orifriual  length  of  link,  8";  length  after  proof,  av.  8".3a.l 


I 


«  '      e 


e 
t. 
S 

g 


o 
as 

5 


*§ 

Eloof^atioD  at  stress  of— 

<c  g 

. 

•go. 

• 

^ 

« 

s-s 

'O 

•2 

•^ 

^S 

a 
o 

9 

a 
s 

*•§ 

a 

a 

P. 

It 

is,-** 

^^ 

^ 

8 

S 

Pounds. 

Ineku. 

Inches. 

Inches. 

4^.000 

12 

15 

18 

48.000 

11 

17 

19 

43.400 

9 

12 

15 

Remarks. 


Five  links  craoked  on  weld  end. 
None  cracked. 
One  link  cracked. 
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While  making  the  usual  tests  to  destruction  upon  several  other  sec- 
tions of  links,  the  effect  of  various  amounts  of  stress  was  measured  with 
results  as  follows : 

Experiment  No»  3. 

I 

Material,  Iron  C. 

«lze  of  link,  1}";  Adiuiraltj  proof,  133,480  pounds;  orij^nal  length  of  link,  9".75;  at  proof,  At. 9".90 ; 

at  fracture,  Av.  10".56.] 


• 

a 

Stress  at  first 
stretch. 

105, 

Stretch  at  stress  of  pounds. 

o 
1e« 

o 

o    . 

000. 

115, 000. 

184, 000. 

135,000. 

Fractare. 

5&    • 

a 
sz: 

a 

1 

1. 

3. 

1. 

3. 

1. 

3. 

1- 

3. 

1. 

3. 

3 
5 

7 

.16 
.39 
.63 
.13 
.37 
.81 

99,000 

98,000 
103,000 

86,500 
101.800 

97,000 

.04 
.04 

.17 
.56 

.06 
.07 
.06 
.19 
.07 
.08 

.43 
.80 

1.05 
.43 
.60 

1.79 

.10 
.15 
.15 
.31 
.15 
.13 

.49 

1.06 

1.44 

.55 

.83 

3.33 

.17 
.30 
.18 
.37 

.18 
.15 

.67 
1.36 
1.93 

.78 
l.ll 
3.90 

.81 
.80 
.85 
.77 

.... 

307,400 
196,600 
193,000 

3 

5 

.10 

.37 

195,800 
193,000 
303,600 
313,000 
»5,000 
176,000 

(10 

.06 

1.19 

<    7 

8d  pnll. 
SdpalL 

(   4 

r 

3 

.45 

ns  OAO 

1 

.  It/  ^      — ,  — 

"."ie  i***98,'66o 

309,000 
171,000 

adpnll 

.05 

.84 

.08 

.43 

.13 

.63 

.16 

.83 

1 

The  above  lot  was  so  excessively  irregular  in  its  strength,  that  its 
record  is  of  little  value,  except  in  showing  in  two  cases,  the  elevation  of 
the  limit  of  stress,  when  a  second  pull  developed  increased  strength. 
The  Imks  were  some  of  coarse  granulous,  and  others  of  soft  fibrous  iron, 
the  former  generally  breaking  through  the  weld. 

The  stretch  in  columns  1  is  of  a  carefully  measured  link,  that  in 
columns  2  over  all. 

Experiment  No.  4. 

Material,  Iron  B. 

[Size  of  link,  m" ;  Admiralty  proof,  133,375  pounds;  original  length  of  link, 9."8.] 


Number  of  links. 


3 
5 

7 


Stress  at  first 
stretch. 


o  ^ 


< 


03 
03 
05 


Pounds. 


98.000 

^9.000 

105, 000 


Stretch  at  stress  of— 


115,000 
pounds. 


135,000 
pounds. 


1. 


04 
06 
08 


3.     I    1. 


.35  I 
.64  I 
1.00 


.07 
.11 
.09 


3. 


.34 

.80 
1.49 


135,000 
pounds. 


1. 


3. 


08 
15 
13 


.45 
1.11 
1.90 


145,000 
pounds. 


1. 


.10  .67 
.31  '  1.43 
.  18  '  2. 36 


as 

«D  « 

•  -a 

a  o 

M  ^ 

OS 

o 


335,000 
203,  [HX) 
333,000 


The  mat43rial  was  of  a  hard,  coarse  nature,  and  the  bars  had  not  re- 
ceived sufficient  work,  and  in  consequence  were  not  ductile.  The  average 
elongaticm  at  Admiralty  proof  wjis  .12  of  an  uieh,  and  the  proof-strain 
was  equal  to  59  per  cent,  and  05  per  cent,  of  the  strength  of  the  strongest 
and  weakest  links. 
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Experiment  No.  5. 

Matkkial,  Iron  B. 

[Sise  of  link,  1^'';  Admiralty  proof,  114.340  poands;  orifi^nal  length  of  link,  9".] 


Strem  at  first 
•tretch. 


a  I 

a    S*»5 
?5  l<J«2 


PoimdB.! 


s 

9 

2 
o 

3 


.03 
.03 
.03 


76.800. 


1. 


sl 


.03  67,  SOO  .04 
.03  i  73,000  <  .05 
.03     68,600  i  .05 

71.000  ,  .02 

9U,900    

98,160  1 

94,000 


.06 
.09 
.09 
.04 


Stretch  at  stroM  of  poundi 


86,400. 


1. 


.06 
.07 
.06 
.05 


12 
15 
16 
11 


96,000. 


1. 


.11 
.11 
.12 
.08 
.04 


22 
21 
93 

15 
96 


105.600. 


115,200. 


134,800. 


1. 


.16 
.16 
.17 
.13 
.07 
.05 
.07 


2. 


9.     I    1. 


.31 
.32 
.35 

.25 
.38 
.54 

.88 


25 
23 
25 
18 
14 
10 
II 


a 

C8 
•  • 

bca 
-I 

«8 

n 


.50    S02,fi00 

.46    , !  199,000 


50 

.  36 

.58 

.85 

1.28 


18 


84 


I 


12  <  1.20 
16     1. 77 


214. 000 
204,500 
204,500 
197,000 
196,000 


The  material  was  the  saoie  as  in  the  previous  exi>erinient,  but  the  bars 
.showed  evidence  of  having  received  more  work.  At  the  Admimlty  proof- 
iitress  the  average  elongation  of  the  links  was  nearly  .18  of  an  inch, 
and  its  proportion  of  the  strength  of  the  strongest  and  weakest  sections 
was  53.3  per  cent,  and  58  per  cent. 

Experiment  Xo.  6. 

Matbkial,  Iron  B. 

(Sixe  of  link,  1^" ;  Admiralty  proof,  83,317  pounds;  original  length  of  link,  8".2S. 


d 

Strece  at  first 
stretch. 

Stretch  at  stress  of  pounds—- 

a 

08 

^^ 

o 

67.900. 

76,800. 

86.400. 

96.000. 

^2 

a 

9 
J25 

1. 

2. 

1. 

9. 

1. 

2. 

1. 

2. 

3 
3 
3 
3 

.03  <      61,500 
.05  '      ff3,500 
.05         67,900 
.03         74,000 
.05  1      68,000 

1      75,000 

.04         62,f00 
.03         S9,.M)0 
.03         58,500 
.09    

.05 
.05 

.90 
.16 

.10 
.06 
.07 
.05 
.07 
.06 
.07 
.14 
.12 

.37 
.31 
.21 
.29 
.37 
.26 
.80 
1.40 
1.81 

.91 
.13 
.11 
.10 
.14 
.09 
.15 
.21 
.96 

.56 

.51 

.43 

.36 

.57 

.38 

1.40 

2.17 

4.01 

.28 
.21 
.20 
.12 
.20 
.17 
.25 
.31 
.28 

.88 

.75 

.63 

.65 

.86 

1.09 

2.16 

3.12 

4.38 

145,000 
149,  OOO 
157,000 
158,000 
138,000 
131,500 
148,000 
132,500 
137,300 
*  132,  000 
^XAl  000 

3 

5 

7 

10 

C15 

\ 

'.. 

} 

.  OS  1  

1 

*  2d  and  3d  pulls  on  parts  of  same  seotion. 

^terial  the  same  as  in  the  previous  experiments,  Nos.  4  and  5,  but 
it  as  considered  probable  that  a  portion  of  the  iron  was  not  of  the  same 
n  jufacture  as  the  rest,  some  of  the  links  being  hard  and  brittle,  others 
1i  ous,  ductile  iron.  At  Admiralty  proof  the  elongation  averaged  nearly 
.1  of  an  inch,  and  its  proi>ortion  of  the  strength  of  the  strongest  and 
^     kest  links  was  52^  x)er  cent,  and  63  i)er  cent. 


86 


TESTS   OF   METALS. 


Experiment  No,  7. 

Material,  Ibon  B. 

[Size  of  link,  1/,'';  Admiralty  proof,  83,317  ponnds ;  original  length  of  link,  8".S5.| 


e 

Stretch  over  all  at 

■ 

u 

a 

Stretoh  over  all  at 

a 

^1 

stress  of  pounds — 

o 

sti'ess  of  pounds — 

T.  a 

V4 

CO 

6 

11 

*  c 

78,500. 

85,»)0. 

78,500. 

85,500. 

Pounds. 

Pound*. 

Pounds. 

Pounds. 

1 

75, 300 

.06 

.13 

150,000 

I        2 

62,600 

.05 

.19 

154,500 

1 

76,800 

.19 

.18 

153.  COO 

2 

6;i,300 

.09 

.13 

144,000 

1 

67,000 

.11 

.18 

162,000 

5 

68,000 

.09 

.13 

154,000 

2 

75.000 

.06 

.12 

154, 7liO 

5 

64, 3.0 

.05 

.14 

143,000 

Material  the  same  as  iu  experiments  4,  5,  and  6.  The  average  elonga- 
tion at  i)roof  was  .13  of  an  inch,  and  the  proof-strains  proportion  of  the 
strength  of  the  strongest  and  weakest  links  was  51.4  per  cent,  and  58 
per  cent. 

Expfriment  No.  8.   . 
Material,  Iron  E. 


M 


« 
OS 


li 

II 

U 


•g 


o 

Xi 

be 

P 
V 

1^ 


II 

6.4 

7 

8.1 

9 

9.9 
11 
11.2 


Stretch  produced  in  single  lioks  at  stress  of— 


.s 


OD 


.07 
.Od 


.10 
.09 


.s 


.16 
.11 
.06 


i 


.21 
.15 
.10 


i 


15 


.16 


i 


.07 


.11 


Xi 


e 


m 


16 
09 
07 
07 


.22 
.15 
.13 
.09 


.a 


01 


.30 
.19 
.15 
.12 


CD 


s 


.95 
.19 
.16 


«D 





.26 
.22 


ja  >* 

OD 

.lO 
.12 
.16 
.IT 
.18 
.92 


Experiment  No.  9. 
Iron  A,  2". 

[Admiralty  proof,  72  tons.] 

Eleven  sections  of  this  cable,  each  fifteen  fathoms  long,  were  meas- 
ured at  stated  interv^als  while  being  proved.  The  cable  made  from  this 
iron  was  of  the  best^  in  it«  power  of  resistance  to  strains  of  all  natures, 
yet  it  could  not  resist  without  probable  injury  the  strain  of  the  Admi- 
ralty proof,  as  shown  below. 


o 

si 


1 

2 
3 
4 
5 
6 


s  ® 


Pounds. 


Permaneul  elongation  at 
stress  of~ 


56  tons. 


60  tons.,  64  tons.  68  tons 

i  I 


Ft  in. 
2    8 
2    6 
9    6 
2    1 


2 
9 


^ 


FL  in.    Ft  in. 

3  5    I 

3  6 

3  7i 

2  7i 

2  9 

2  11 


3    7i 


Ft.  in. 


*    84 


o 

e 

p 

?Ja 

11 

*52 

S£ 

IS 

1 

Pounds. 

7 
8 

9 

104.600 

10 

112,300 

11 

1 

108,400 

Permanent  elongation  at 
stress  of— 


56  tons. 

60  tons. 

64  tons. 

FL  in..  FL  in. 

FL  in. 

2    1|  1    2    6i 

1    9    !    2    4i 

2    21 

9    41 

3 

2 

2    9k 

68  tons. 


It  in. 


At  60  tons'  stress  125  links  from  difterent  i)ortion8  of  different  sections 
were  carefully  measured,  and  had  stretched  from  13  to  16  hundredths 
of  an  inch,  averaging  nearly  15  hmidredtlis. 

In  the  test  of  the  fourth  section,  which  at  56  tons  had  stretched  less 
than  either  of  the  preceding,  it  was  detennined  to  carry  the  proof  still 
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farther,  and  4  tons  of  stress  were  added,  which  mcreased  the  elongation 
ver>'  httle  (about  24  per  cent.)  j  another  4  tons  increased  it  over  70  per 
cent,  and  still  another  added  mcreasexl  the  elongation  at  56  tons  over 
130  per  cent.,  which  shows  that  even  a  slight  addition  to  a  stress  al- 
ready too  great  produces  very  disproportionate  eft'ects. 

We  did  not  think  it  ad\isable  to  risk  injury  to  the  cable  bj^  applying 
the  4  additional  tons  necessary  to  prove  it  by  the  Admiralty  standard. 

In  the  following  table  the  strength  of  the  strongest  and  weakest  links 
made  from  several  of  the  best  of  the  chain-irons  we  have  examined  is 
given,  with  the  ititio  l)ome  to  such  strength  by  the  Admiralty'  proof- 
strains  for  the  sizes. 


Iron. 

Strength  of  large  links. 

Admiralty  proof 
perceDtHgcof— 

Strength  of  smaU  links. 

Admiralty  proof 
percentage  of— 

Size. 

Strong- 
est. 

Weak- 
est 

Strong- 
est. 

Weak- 
est. 

Size. 

Strong- 
esr. 

Weak- 
est 

Strong- 
est 

Weak- 
est 

A 

In. 
S 

If 
l| 

Pounds. 
283,000 
231,300 
915.000 

Pounds. 
248, 000 
191,000 

57 

53 

66 

66 

63.3 

60 

60.8 

65 
64 

•  •  •  •      •  •  * 

In. 

1 

U 

1 
1 

u 

1 

u 

Pounds. 
72, 670 
96.960 
79,200 
67,600 
85,600 
6H,000 
122,100 

Pounds. 
69,600 

74,488 

55i 

52^ 

51.3 

59.6 

60 

59.3 

51.2 

58 

C 

D 

65 

F 

li  *    215,600 
l|        225. 700 

X 

0 

1} 

237,000 
23.T0fl0 

P 

Average 

61 

1 

644 

55.6 

6U 

Convinced  by  the  e\idence  which  ha«  been  given,  that  proving  Amer- 
ican ciibles  by  this  standard  was  a  fruitful  source  of  weakened  cables,  we 
were  also  aware  that  in  recommending  that  it  should  be  no  longer  used, 
we  should,  if  the  advice  was  followed,  dei)rive  mainifacturers  of  good  ca- 
bles, of  a  safeguard  against  (competition,  by  those  who  might,  unchecked, 
use  very  inferior  iron.    We  have  therefore  considered  it  essential  that 
we  should  pro\ide  a  substitute  which  would,  in  our  judgment,  prescribe 
strains  which  would  liilly  prove  cables  and  not  be  liable  to  injure  them. 
We  submit  such  a  table,  which  is  based  upon  the  two  jmnciples,  that  a 
proof-strain  should  not  greatly  exceed  the  elastic  limit,  and  that  the 
strength  of  a  cable  is  ecpial  only  to  that  of  its  weakest  link.    In  the 
preparation  of  this  table  it  was  first  necessary  for  us  to  establish  within 
reasonable  limits  the  probable  maximum  and  minimum  strength  of  cables 
of  various  sizes,  and  the  elastic  limit  of  the  links.    Neither  of  these  fac- 
tors can  be  fixed  definitely ;  there  are  many  causes  which  tend  to  pro- 
duce great  diifei-ences  both  in  the  strength  and  elastic  limit  of  links 
made  from  the  same  bar.    The  most  important  of  these  causes  is  the 
hability  of  the  welds,  which  at  the  best  are  the  weak  spots  of  all  links, 
to  la<3k  uniformity,  and  no  niles  can  be  givtm  which  will  insure  uniform 
work  from  a  number  of  chain-welders.    We  were  therefore  compelled  to 
base  our  table  upon  data  which,  at  the  best,  could  be  considered  as  but 
iudic4iting  probabilities.     Assuming  as  a  standard  of  peifection  the 
laracteristics  of  a  bar,  which  when  made  into  a  link  should  develop 
■ice  the  original  strength  of  the  bar,  we  considered  that  the  iron 
lich  approached  most  closely,  and  with  uniformity  this  standard,  was 
at  which  should  be  considered  as  the  most  suitable  for  cables.    \Ve 
4ve  the  records  of  the  strains  at  which  a  large  number  of  bars  in 
leir  normal  condition  were  ruptured  by  tension,  and  of  many  sections  of 
ible  made  from  them,  which  are  incorjiorated  in  the  '*  Tables  of  compar- 
ive  action  of  bars  and  links."    From  these  tables  we  have  made  the 
[lowing  abstracts,  which  enable  us  to  arrive  at  conclusions  as  to  the 
robable  strength  of  cables  made  from  irons  varying  in  characteristics : 
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Primarily,  we  consider  that  the  value  of  an  iron  for  chain  manufacture, 
is  not  to  be  measured  by  the  strength  of  the  links,  unless  this  strength 
is  found  to  be  uniformly  maintamed^  throughout  a  series  of  tests,  for  we 
find  that  those  irons  which  furnished  the  stnyngest  links  in  nearly  every 
case  furnished  also  the  weakest^  their  welding  properties  being  generally 
defective ;  for  although  the  portions  of  the  links  which  have  not  been 
subjected  to  forging  are  veiy  strong,  in  each  link  there  is  a  i)robable 
veiy  weak  spot  caused  by  a  defective  weld. 

We  have  the  comi)arative  i-ecords  of  210  sections  of  cables  broken  by 
tension,  which  were  made  of  lifteen  different  irons.  Assuming  that  the 
utmost  strength  which  can  be  found  in  a  link  is  equal  to  200  per  cent,  of 
that  of  the  bar  from  which  it  was  made,  we  have  a  standard  by  which 
to  compare  the  irons,  and  establish  their  relative  value.  Examining  the 
abstracts  by  this  standard,  we  find  that  30  sections  develoi>ed  over  170 
per  cent,  of  the  bar's  strength,  22  of  them  exceeded  175  \^v  cent.,  9  ex- 
ceeded 180  per  cent.,  and  1  only  exceeded  185  per  cent. 

On  the  other  hand,  67  sections  develoj>exi  less  than  155  i)er  cent.,  lectv- 
ing  107,  or  over  50  per  cent,  of  the  series,  which  developed  between  155 
and  170  per  cent,  of  the  bar's  strength,  and  of  these  the  average  develop- 
ment was  163  per  cent. 

The  210  sections  of  various  irons  can  be  redm^ed  to  143  sections,  of 
iron  which  may  be  considered  as  more  or  less  suitable  for  cable,  by  elimi- 
nating the  records  of  the  67  sections  which  were  broken  at  less  than 
155  per  cent,  of  the  bar's  strength,  and  at  once  deciding  that  they  have 
no  claim  to  be  considered  as  having  been  made  irom  suitable  chain-iron. 

This  we  can  do  in  many  cases  and  assign  good  reasons ;  27  sections 
were  made  fix)m  an  iron  (M)  in  which  analysis  demonstrated  that  phos- 
phorus, copjier,  nickel,  and,  in  some  cases,  chromium  occurred,  and  pos- 
sibly reduced  their  welding  values,  as  all  the  "  low  breaks  "  of  this  iron 
occurred  "  through  the  weld  " ;  8  were  made  Irom  iron  K,  in  which  car- 
bon was  high,  and  10  from  irons  Yx  and  P,  which  were  known  to  have 
been  overworked,  leaving  but  22  such  percentages  to  be  assigned  to  the 
chapter  of  accidents.  From  which  data  we  conclude  that  bars  of  fairly 
good  chain-iron  will  produce  links  whose  strength  w  ill  be  not  less  than 
155  per  cent.,  and  not  over  170  per  cent.,  and  that,  by  a  series  of  tests,  an 
average  of  not  less  than  1(>3  per  cent.,  made  up  of  fairly  uniform  factors, 
shoidd  be  expected.  In  such  a  series  of  tests  an  occasional  "favored" 
weld  may  pi-odiice  an  unusually  strong  link  or  a  defective  weld  a  very 
weak  one.  By  the  record  of  these  the  workmanship  should  l)e  judged, 
and  not  the  iion,  if  the  records  of  the  other  links  indicate  by  their  uni- 
formity that  the  fault  is  not  in  the  iion. 

We  have  therefore  adopted  for  our  standard  of  strength,  and  welding 
qualities  combined,  170  i)er  cent,  of  the  strength  of  the  bar  for  a  maximum, 
163  per  cent,  for  an  average,  and  150  i)er  cent,  for  aininimum.  Iron  which 
in  the  link  form  develoi)s  the  average,  by  results  which  do  not  varj* 
greatly,  we  consider  to  be  suitable;  that  which  falls  below  the  average  or 
l>roduces  it  by  very  irregular  factors,  we  consider  as  unsuitahle. 

It  remains  to  decide  upon  the  strength  of  bar,  which  will  most  prob- 
ably produce  links  which  will  develop  the  largest  and  most  uniform 
percentages.  Our  records  again  supply  the  re<piired  data.  We  find  the 
irons  A,  B,  O,  and  F,  which  were  Joxc  in  tensile  strength,  sustaine<l  the 
process  of  nmnufac*.ture  into  links  with  less  loss  of  strength  than  did  other 
irons  which,  exceeded  in  this  resi)ect,  and  with  all  of  the  series  excess  of 
tensile  strength  was  accompanied  by  deficiency  in  strength  and  uni- 
fonnitv  as  cables. 
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Order  of  precedence  of  fourteen  irons  in  tensile  strength  and  resistance  to  impact  as  barSy 
and  in  welding  value  as  measured  by  strength  and  uniformity  as  links. 
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The  great  tensile  strength  of  L  (6G,000  lbs.)  and  of  K  (58,226  lbs.) 
while  gi^ing  them  the  highest  numbers  as  bars  under  tension  alone,  did 
not  prevent  their  taking  very  low  rank  when  tested  jus  cable  and  by  sud- 
den strains.  While  with  irons  A  and  O,  with  average  tensile  strength 
of  52,()0()  lbs.,  the  result  is  reversed,  the  i)ercentage  of  the  bar's  strength 
develope<l  by  the  links  of  the  four  irons  were  of  L  150  per  cent,  irregu- 
lar; of  K,  151  per  cent,  irregular;  of  A,  108  per  cent.,  and  O,  166  per 
cent.,  both  regular. 

We  have,  therefore,  guided  by  the  evidence  of  which  the  above  is  a 
type,  decided  upon  adopting  a  low  Umile  strem/th  as  a  probable  indica- 
tion of  high  welding  value,  and  as  shown  by  the  relative  order  as  judged 
by  the  i)ower  of  resisting  sudden  strains,  of  great  resihence. 

In  selecting  the  low  tensile  strength,  we  did  not  decide  arbitrarily  in 
favor  of  the  precedence  which  shoidd  be  given  to  the  percentage  of  bars' 
strength  develoi)ed  by  the  links.  We  find  that  in  many  cases  the  actual 
strength  of  the  links  made  from  the  bars  of  low  tensile  strength  equals 
and  exceeds  that  of  others  from  much  stronger  bars. 

For  example,  iron  K  2"  bai",  tensile  strength,  58,900  i)ounds;  strength 
of  links,  258,9(K)  pounds. 

Iron  A,  tensile  strength  2''  bar,  50,171  i)ounds;  strength  of  link, 
265,000  pounds. 

Iron  I),  tensile  strength  2"  bar,  51,152  i>ounds;  strength  of  link, 
276,500  i>ounds. 

Iron  r,  tensile  strength  2"  bar,  48,956  pounds;  strength  of  link, 
268,750  pounds. 

And  our  recortls  sui)ply  many  more  instances  where  the  strength  of 
links  made  from  iron  of  low  tenacity  exceeds  that  of  others  of  the  same 
size  made  from  stronger  bars,  and  in  nearly  all  cases  tlie  percentages  of 
the  bar's'  strength  are  gi-eater  and  more  uniform.  We  have,  therefore, 
decided  ujjon  recommending  for  cable  manufacture  iron  of  this  character, 
aware  that  in  so  doing  we  will  come  in  contact  with  a  widely  spread  and 
deex>ly  rooted  prejudice  in  favor  of  the  ntrong  bar  as  best  adaj^ted  to  make 
Htrong  linhi^  as  it  undoubtedly  would  be  were  it  not  tliat  great  strength 
in  the  direction  of  the  fiber  is  not  often  found  to  exist  except  through 
the  eftect  of  a  great  amount  of  work,  which  will  cause  the  iron  to  be  too 
xi)ensive  for  cable-iron,  or  through  the  i)resenc^  of  various  chemicals 
rTliich  increase  tenacity  at  the  exi)ense  of  welding  properties,  thus  unfit- 
ing  it  for  use  as  cable-iron. 

We  consider  that  our  experiments  justify  us  in  recommending  as  a 
iiitable  strength  for  a  2"  bar  of  chain-iron  a  mean  between  the  margins 
oimd  to  exist  in  those  bars  whose  record  both  in  bar  and  link  form  has 
)eenju8t  given;  and  as  the  links  of  iron  D,  with  tensile  strength  51,152 
X)unds,  and  of  iron  F  with  48,956  pounds,  were  equally  good  and  strong, 
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we  adopt  their  mean  of  50,000  i>oiinds.  And  we  find  that  iix)n  A,  which 
possesses  nearly  the  niedinm  strength  as  a  bar  (50,171  iwunds),  i)roduce8 
cable  which  is  remarkably  stron^ij  and  uniform. 

Considering  then,  that  an  iron  is  suitable,  which  as  a  2"  bar,  has  a 
strength  of  50,000  i>ounds  per  square  inch,  and  that  other  irons  whose 
variation  from  this  strength  does  not  exceed  5  x>er  cent,  ai'e  equally  so, 
we  have,  in  determining  the  strength  for  the  other  sizes,  to  avail  our- 
selves of  the  information  i>rocured  in  the  investigation  of  the  action  of 
the  rolls;  which  is,  in  brief,  that  the  proportional  strength  of  biirs  of  the 
same  material  increa^ses  as  the  diameter  decreases,  and  that  the  aggre- 
gate of  the  increase  for  the  sixteen  sizes  (measuring  by  sixteenths  of  an 
inch,  between  2"  and  1")?  is  from  i(>ur  to  six  thousand  pounds,  produced 
by  steps  which  are  made  more  or  less  in-egidar  by  iri'egidarities  in  heat- 
ing the  piles. 

Using 'the  mean  of  the  aggrc^gate  of  increase  of  our  best  and  most 
uniform  irons,  we  find  that  the  strength  per  square  inch  of  a  bar  of  V 
diameter  is  about  5,600  i>ounds  greater  than  that  of  the  2",  and  that  if 
the  2"  bar  is  equal  to  50,000  pounds,  it  is  probable  the  1"  T\ill  be  equal 
to  55,600  pounds. 

Examining  this  factor  by  comparison  with  actual  results,  as  in  the 
case  of  the  2",  we  find  that  it  may  be  considered  as  a  very  suitable 
strength^  subject  to  the  variation  of  5  i)er  cent.,  as  in  the  first  case, 
whicli  gives  from  53,000  to  58,000  pounds  as  a  suitable  strength  for  the 
1"  bar.  From  our  records,  we  find  that  the  1"  bar  of  iron  A,  with  tensile 
strength  54,690  pounds,  produced  cable  equal  to  69,600, 71,7(K),  and  72,700 
I)ounds ;  ii-on  F,  tensile  strength  51,900  pounds,  cable  equal  to  67,600 
l>ounds ;  while  iron  P,  with  tensile  strength  of  58,000  pounds,  as  cable 
broke  at  60,400  pounds.  We  tested  but  comparatively  few  links  of  V% 
but  the  comparison  of  the  1  J",  of  which  we  tested  a  numben  shows  the 
failure  of  an  excess  of  tensile  strength  to  benefit  the  links.  Iron  A,  with 
tensile  strength  53,700  pounds,  making  links  equal  to  89,000  pounds ; 
iron  F,  with  tensile  strength  of  53,000  pounds,  as  links  broke  at  86,000 
pounds;  while  K,  with  60,500  i)ounds,  and  1),  with  59,500,  broke  at 
84,500  and  87,500  pounds. 

It  was  necessary  to  connect  these  strengths  assigne<l  to  the  extremes 
by  a  series  of  successively  increasing  factors,  the  aggregate  of  which 
should  equal  5,600  pounds.  No  system  by  which  this  could  be  done  with 
(iei*tainty  presentetl  itself,  but  it 'was  evident  that  a  uniform  coefficient 
of  increase  for  each  of  the  sixteen  reductions  coidd  not  be  useil,  as  the 
difference  in  strength  produced  by  variations  in  reductions,  clianged 
much  less  rapidly  than  did  that  in  the  entire  strength  of  the  various- 
sized  bars  produced  by  variations  in  diameter.  We  considered  that  this 
difference  was  greater  in  proportion  to  the  er.tire  strength,  as  the  lattiCr 
became  less  tlirough  decrease  of  area,  and  we  therefore  calculated  a  ratio 
which  produced  a  constantly  increasing  coefficient  to  be  apx>lied  as  the 
diameters  decrease4l,  with  results  as  follows,  each  of  which  results  is  the 
coiTCction  to  be  added  to  the  strength  per  square  inch  of  any  size  in  order 
to  obtain  that  of  the  size  ^y  less  in  diameter.  Starting  with  50,000 
poimds  as  the  strength  of  the  2",  we  add  245,  253, 262, 273,  284, 296, 309, 
323,  339,  357,  376,  398,  423,  451,  484,  and  523  pounds  for  each  reduction 
of  A^  of  an  inch  in  diameter,  by  which  we  arrive  at  a  strength  per  square 
incli  for  ea<;h  size  which  agrees  closely  with  that  found  in  the  l>est  and 
most  uniform  chain-irons.  The  latter,  however,  being  exposed  to  con- 
stant chances  of  in*egiilarities  from  many  causes,  cannot  be  exi>ected  to 
coincide  in  strength  very  closely,  with  any  calculated  table. 

Using  the  above  factors  of  correction,  we  obtain  the  following  table : 
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Probable  strength  of  rounvd  bars,  calculated  with  an  allowance  for  varia- 
tion in  strength  due  to  variation  in  diameter. 


Size  of 
bar. 

In. 
2 

m 
11 
m 
n 

H 

itV 

u 

It'.t 
If 

lA 

u 

If.' 

H 

ItV 

1 


Strength  of  bar. 


Per  square    Coefficient 
inch.       lof  increase. 


rounds. 
50,000 

245 

49d 

760 
51,033 

317 

613 

,'>8, 245 

584 

941 
53,317 

715 
54, 138 

589 
55, 073 

596    I 


Pounds. 
245 
253 
262 
273 
284 
296 
309 
323 
339 
357 
376 
398 
423 
451 
484 
523 


Of  entire 
bar. 

Pounds. 

157. 080 

148, 137 

139, 430 

130,966 

122, 745 

114,770 

107, 040 

99,560 

92,322 

85,339 

78,607 

72, 133 

65,914 

59,958 

54, 261 

• 

48,800 
43,665 


Accepting  this  mte  of  increase  of  strength  as  one  which  approximates 
to  the  actual  increase  of  tenacity  of  iron  bars  of  decreiising  diameter, 
we  have  used  it  in  tlie  calcuhition  of  our  pr(X)f-tal)le.  As  this  is  the 
basis  ui)on  which  the  table  is  constructed,  the  following  evidence  is 
submitted,  bv  which  it  luav  be  seen,  that  bv  the  use  of  the  corrections 
a  more  correc^t  estimate  can  be  made  of  the  strength  of  a  bar  of  any 
diameter  than  by  the  assumj)tion  that  the  tensile  strength  of  all  diam- 
eters is  equal.  Tlie  comi^arison  of  the  strength  as  found,  of  a  large  num- 
ber of  bars  of  various  irons  and  sizes  with  that  calculated,  proves  that 
our  corre<*tions  are  not  far  out.     See  table,  page  1)4. 

A  few  examples  will  be  given,  which  show  conclusively  that  by  means 
of  the  conections  for  variaticm  in  diameter  given  in  the  table  the  strength 
of  a  bar  of,  say,  2",  can  be  closely  estimated  from  the  data  furnished  by 
the  test  of  a  1"  bar.  Selecting  irons  A,  F,  O,  and  P,  which  were  quite 
uuifonn,  the  strength  of  the  2"  bars  was: 

Actual  Htveu^tb A  157,()30  lbs.  F  15(),4i:UbH.  0151,,VJ7  lbs.  P  159,720  l]>s. 

Calculat*'(l  with  (onvctioiu...  A  ir>4,UM)lbs.  F  151,340  Ib.s.  O  14H,'Jr^J  lb«.  P  16:i,8(M)  11m. 
CalculatiMl  witlioiit  conectioii.   A  181,H36  llw.  F  l()3;i3(i  lbs.  O  1()(),G35  lbs.  P  181,600  lbs. 

The  latter  process  involving  an  overestimate  of  from  12,700  to  24,200 
pounds,  which  enor  is  reduced  in  two  cases  by  the  use  of  the  corrections 
to  an  overestimate  of  4,080  and  933  pounds,  and  in  others  to  an  under- 
estimate of  3,448  and  2,008  poimds,  had  the  strength  of  the  links  of 


u 
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the  2"  beeu  calculated  from  the  erroneous  strength  of  the  bar,  the  error 
would  have  proved  mii(»h  more  serious,  ix«,  for  instance,  with  iron  A, 
using  170  per  cent.,  1(>.'3  per  cent.,  and  I.m  per  cent,  of  the  strength  of 
the  bar  for  the  maximum,  average,  and  minimum  strength  of  links,  the 
strength  comi)ared  with  tliat  actually  found  woukl  be  as  follows :  C4ilca- 
lated  maximum,  311,121  pounds;  average,  29(>,34:(>  pounds;  minimum, 
281,850  pounds.  By  test,  the  actual  stnnigth  was,  maximum,  283,200 
pounds ;  average,  2()4,(K)0  ixmnds ;  minimum,  244,000  pounds. 

The  following  table  has  l)een  prepared  in  which  the  average  strength 
of  such  bars  as  have  produced  good  cables,  is  i)laced  in  contrast  with  the 
strength  called  for  by  the  calculated  table : 


Sise  of  bar. 


Campariaon  of  calculated  icith  actual  strength  of  bars. 


Strength. 


a 

ee 


Inehet. 
S 

}J';:::::;:;::. 
!f::::::::-:: 

Wm 

If  

J?:::::::::::: 

lA 

14 

lA 

1 


Pounds. 

157, 080 

1«,  137 

139,  430 

130,966 

1«2, 745 

114, 770 

107, 040 

99.560 

92,32-2 

f-5,  339 

78, 607 

72,  I3;J 

65,914 

59,958 

54, 2fil 

48,800 

43,665 


s 


Pounds. 
157, 5M 


141. 120 
131,975 
124. 580 
115,690 
108,800 


93,358 
85, 000 
79,311 
74,505 
66,724 

54,576 


44.126 


a 


Pounds 
500 


1,690 
1,0<.9 
1,835 
920 
1,760 


1,036 
339 
704 

2,372 
810 

"369 


461 


e 


9 


9 
5 

13 
4 

10 


13 
6 
9 
1 
9 


Irons  represented  in  ftverages. 


o 

Si 

55 


35 


33 
7 


34 
12 
27 
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Name  of  irons. 


A,C,D,E,F.rx,M,0,P. 


26  I  Same  as  2  inch. 
8  I  B,C,E.G,H. 


A,  C,  D,  E,  F,  G,  H,  J.  Fx,  O,  N.  P.  M. 

B,  C,  6,  £. 


25  ;  A,  C,  D,  E,  F,  Fx,  G,  H,  J,  O. 


Same  as  It  inch. 

B,  C,  E,  Cr,  H,  P. 

A.  C,  D,  E,  F,  Fx,  N,  0,  P. 

P. 


106  ,  Same  as  Ig  inch. 
9i  29  Same  as  13  inch. 
6  r"*26"i  A,D,F,rx,0,P. 


Having  thus  fixed  upon  a  suitable  strength  for  each  sized  bar,  we 
deduce  the  probable  strength  of  cable«  made  from  them  by  the  aid  of 
the  ])ercentages  of  the  bar's  strength  which  we  have  found  will  probably 
be  developed  by  the  links  r^  indicated  by  those  found  in  such  irons  as 
we  have  examined. 

In  this  table  of  strength  of  links  it  is  considei'ed  that  no  iron  should 
be  ex])ected  to  possess  in  link  fonn  over  170  ]>er  cent,  of  the  bar's  strength, 
and  that  no  suitable  chain -iron  should  possess  less  than  155  per  cent,  of 
the  same;  and  that  the  average  strength  of  a  numl)er  of  tested  sections 
should  not  be  less  than  W^  per  cent.,  such  a^'erage  to  be  made  fi'om  fairly 
uniform  factors. 
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Probable  strength  of  cables  made  from,  bars 
with  strength  corresponding  to  that  given 
in  table. 


g 

•r* 

a 

« 

.■ 

v< 

Si 

bar. 

s 

9 

!i^ 

M 

b 

** 

ec 

OQ 

Pounds. 

157,(80 

148.  137 

139,  430 

130,96fi 

122,745 

114.770 

107,  OJO 

99,560 

93.:i2-i 

85,339 

78.  f  07 

72,133 

65.914 

59.  958 

54.261 

4H,800 

43,665 


»* 

u 

8.. 

s.. 

gj 

sl 

B  o 

'^•m 

-r  o 

si 

9 

25 

^ 

'^ 

Pounds. 

Poundf. 

267.  aw 

25,040 

251,833 

24l,44i3 

237, 031 

227,271 

222,64-2 

213,  475 

20t>,666 

200,  074 

195,  109 

lJ»7.075 

iei.96H 

174,  475 

lfl{l.250 

162,2»<3 

156.  947 

150,  4M 

145, 076 

139, 103 

133.632 

128, 129 

122, 6-26 

117,577 

11  J.  034 

107,  440 

101.929 

97.  731 

92, 244 

8H.  445 

rt2,960 

79,  544 

74,330 

71, 172 

el 

B  a 

a- 


Powndtf. 

243,  474 

929.  612 

216.  116 

2(/2.997 

190.255 

177.894 

165.  912 

154. 3H 

143,099 

132,  275 

121,  841 

111,806 

102.167 

92.935 

84.  105 

75, 640 

67,6t?l 


It  is  very  probable  that  in  every  fiiiislied  cable  there  will  be  some  links 
introduced  the  strenfjfth  of  which,  althouffh  not  lens  than  the  minimum 
of  the  table,  will  be  considerably  below  the  maximum,  and  furnish  the 
lower  factors  from  which  the  averages  are  jjroduced.  And  it  is  also 
probable  that,  through  defective  welds,  there  may  be  a  few  links  whose 
strength  is  even  less  than  the  minimum.  A  proof-strain  should  not  be 
80  great  that  its  api)lication  will  have  a  tendency  to  reduce  the  strength 
of  the  first-named  class  to  that  of  the  second,  nor  should  it  be  so  slight 
that  links  of  the  second  class  will  be  so  slightly  aft'ected  that  their  exist- 
ence is  not  made  manifest. 

We  cannot  adopt  a  safer  strain,  than  one  which  ap])roximates  to  the 
elmtic  limit  ol  the  link,  and  the  link  whose  elastic  limit  we  should  adoj)t, 
is  the  trealeMt  one  which  will,  after  pn)of  remain  in  the  cable. 

We  have  endeavored  to  asc(»rtain  by  actual  experiment,  the  elastic 
limit  of  many  of  the  Hnks  that  we  have  broken ;  we  have  found  that, 
as  with  the  strength  of  the  link,  this  factor  can  at  the  best  be  but  approx- 
imated, but  consider  that  the  proi)ortions  found  to  exist  between  the 
limit  of  elasticity,  and  the  strength,  of  the  nmnd  bars  from  which  the 
links  are  made,  furnish  us  with  a  maximum,  beyond  which  we  cannot 
exi)ect  that  of  the  link  to  be  found.  We  have  found  by  a  great  number 
of  t(»8ts  of  bars  in  their  normal  condition,  that  the  elastic  limit  of  good 
cable-iron  is  about  .57  ])er  cent,  of  its  ultimate  strength.  (See  record  of 
bar-tests.) 

The  imKiess  by  which  the  links  are  manufactured  undcmbtedly  changes 
both  the  strength  and  elastic  limit  of  tlie  jxnticm  ujwn  which  the  welds 
are  made;  the  extent  of  this  change  we  have  no  means  of  knowing,  and 
so  irreg'ular  are  the  processes  of  manufacture,  that  if  accurately  ascer- 
taineil  iii  reganl  to  a  tested  link,  the  data  would  be  of  no  value  in  es- 
timating its  extent  in  the  case  of  another. 

We  are,  therefore,  again  reduced  to  ])robabilities.  Generally,  the 
elastic  limit  of  material  is  coincident  with  the  first  perceptible  perma- 
nent change  of  form  i)roduced  by  stress.  With  a  chain-link  this  cannot 
be  accepted  as  correct,  as  through  various  causes,  the  form  of  the  link 
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may  change  at  a  stress  not  gi-eat  enough  to  proiluce  change  in  the  ato- 
mic rehitious  of  the  material.  Still,  this  lirst  change  of  form  indicateH 
an  ai)i)roach  to  this  limit,  and  we  have  carefully  observed  it  in  the  test 
of  many  links,  and  find  that  with  such  irons  as  A,  B,  C,  F,  P^r,  and 
others  considered  suitable  for  cable,  the  percentage  of  the  stress  which 
will  break  the  cable,  at  which  the  elongation  can  be  observed  and  meas- 
ured, is  about  44  per  cent.,  and  that  tliis  percentage  exists  with  consid- 
erable regularity,  so  much  so  that  we  feel  justified  in  assuming  it  as  the 
nearest  approximation  to  the  elastic  limit  of  the  link  that  can  be  de- 
duced from  our  experiments.  But  we  believe,  for  several  rea^^ons,  that 
in  most  cases  it  is  too  low  a  percentage;  first  of  which  is,  that  through 
badly  fitting  studs,  many  links,  during  the  beginning  of  an  increasing 
stress,  may  be  considered  as  open  or  unstudded  ones,  and  the  *' first 
stretch"  is  i^mduced  by  a  slight  closure  of  the  sides  \\\}o\\  the  stud; 
and  open  links  begin  to  stretch  at  a  much  lower  stress  than  studded 
ones.  It  is  iux)bable  that  a  mean  between  the  ratios  of  the  ultimate 
strength  at  which  the  material  in  bar  form  begins  to  stretch,  ^'iz,  57  i>er 
cent.,  and  that  at  which  the  links  firet  elongate,  atz,  44  i)er  cent.,  will 
give  as  nearly  the  probable  elastic  limit  of  the  link  as  (^an  be  obtained 
by  any  other  process.    No  exact  limit  can  be  fixed  upon. 

An  iron  with  low  tenacity  and  high  elastic  limit  will  natundly,  when 
subjected  to  stress,  act  very  diffei-ently  from  one  in  which  these  ele- 
ments are  reversed  in  value.  An  iron  whose  characteristics  are  such 
that  the  i)rocess  of  welding  lowers  the  ultimate  strength  of  the  welded 
part,  may  still  be  able  to  resist  through  its  stiff  and  brittle  nature,  a 
very  high  stress  before  it  begins  to  change  form,  but  it  may  break  at 
a  slight  additional  stress.  We  have  in  calculating  the  i)roof-8trains 
iissumed  that  it  is  not  safe  to  use  above  50  per  cent,  of  the  strength  of 
the  weakest  part  of  the  cable. 

There  is  still  another  reason,  deduced  fromoiu'  exi>eriments,  which  leads 
us  to  recommend  a  lower  proving-strain.  In  our  investigation  of  the 
law  of  the  elevation  of  the  limit  of  stress,  we  have  found  that  although 
wrought  iron  acquires  increased  i)owei-  to  lesist  steady  sti-ess  by  the  action 
of  stiess  previously  withstood,  yet  its  power  to  resist  midden  stress  is 
lowered,  and  for  this  reason  the  operation  of  the  law  is  injurious  to  cables. 

Tlie  pronng-stmhis,  calcidated  ui)on  the  princii)les  indicated,  are  as 
follows : 

RECOMIVIENDED   PROOF-TABLE, 

being  ecpial  to  45.57  per  cent,  of  the  strength  of  the  sti'ongest  and  to  50 
l)er  cent,  of  that  of  the  weakest  links : 


Size. 

Proving 
Pounds. 

r  strain. 
Tons. 

Size. 

Proving 
Pounds. 

strain. 

In. 

In. 

Tone. 

1 

2 

121,737 

54v//,7 

liV 

66, 138 

mm 

m ' 

114,806 

Sl^Vir 

n  • 

60,920 

•^.Wo 

15 

108, 058 

1  {'e 

55,903 

24^11! 

1+2  i 

101, 499 

45^^;r 

n 

51,084 

mrif, 

H 

95. 128 

42i§18 

h\ 

46, 468 

20J5S:: 

IH 

88, 947 

m^Ai  1 

n 

42, 053 

i8in?. 

IS 

82,956 

1?    7** 

,  lA- 

37,  820 

loiis;] 

1   '• 

77, 159 

34;y'4'ii 

1 

33, 840 

15-/,Vm 

n  ■ 

71,550 

3l}iJ!! 

1 
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Comparison  of  the  proving-strains  recommended  and  strains  in  use. 


• 

■ 

Probable 

percent- 

Probable 

percent- 

2 

a^e  of  strenKth 

M 
> 

e 

IT"' 

strength 

II 

a,  • 

• 

1 

• 

O 

• 

3 

• 

.M 

e 

^ 

S  -^i 

"^ 

j2 

—  5 

-^ 

■^ 

a 

«D 

1 

«D 
1 

•3* 
S 

1 
i 

i 

s 

S 

S 

^ 

^ 

In. 

Foundi. 

Pound*. 

2 

121,737 

45.5 

50 

161.280 

60.3 

66.2 

l^ 

114,806 

45.5 

50 

151, 357 

60.1 

65Ltf 

108,  «i8 

45.5 

50 

141,  750 

59.8 

6&5 

m 

101.  499 

45.5 

50 

13i,  457 

59.4 

65.2 

ii 

95,128 

45.5 

50 

123.  480 

50.1 

64.9 

il* 

98.947 

45.  .1 

50 

114.817 

5a8 

64.5 

82,956 

45.5 

50 

106,  470 

58.5 

64.1 

lA 

77.159 

45.5 

50 

96,437 

58.2 

63.7 

li 

71.550 

45.5 

50 

90,790 

57.8 

63.3 

lA 

66,138 

45.5 

50 

83,317 

57.4 

62.9 

^i 

60,920 

45.5 

50 

76.230 

57.0 

(».5 

1^ 

55,903 

45.5 

50 

69.  457 

56.6 

62.1 

51,  081 

45.5 

50 

63,000 

56.2 

61.6 

lA 

46,468 

45.5 

50 

56,857 

55.7 

61.1 

li 

42.053 

45.5 

50 

51,030 

55.3 

60.6 

ii^ 

37,890 

45.5 

50 

45,  517 

54.8 

60.1 

1 

33,840 

45.5 

50 

40,320 

54.3 

50.5 

The  unportant  i>oint8  of  diftereiiiie  l)etwe(*n  the  recommended  table  aud 
the  one  in  use  are : 

First.  In  the  former  the  proof-stress  is  for  every  size  uniform  in  its 
proportion  to  the  probable  strength  of  the  links,  in  the  latter  it  varies 
with  every  change  of  size. 

Second.  Unless  the  elastic  limit  of  the  link  is  a  greater  proportion  of 
te  ultimate  strength  than  that  of  the  bar  was  to  its  strength,  the  strains 
of  the  table  in  use  exceed  this  limit  greatly  upon  all  sizes,  while  those  of 
the  former  do  not, 

Thhrd.  The  recommended  table  recognizes  the  probability  of  there  being 
iDtToducecl  into  cables  links  made  tix)m  bars  which,  although  of  equally 
good  iron  as  the  rest,  ai'e,  tlirough  faults  in  rolling,  more  or  less  scanty 
and  in  consequence  possess  less  strength  than  bars  rolled  true,  which 
deficiency  will  be  carrieil  into  the  links.  Should  there  by  accident  be  a 
few  links  of  l|f  in  a  2"  cable,  the  Admiralty  proof  would  strain  the 
strongest  of  such  links  to  over  02  per  cent,  and  the  weakest  to  over  70 
per  c?ent.  of  the  actual  strength. 

For  these  reasons  we  recommend  that  this  table,  based  uimn  actual 
strength  of  American  iron,  be  used  in  place  of  that  of  the  Admiralty. 


Section  IV.— Part  I. 

PaBT  I.  A  PAPER  SHOWING  BY  MANY  EXPERIMENTS  THE  CORRECT  FORM  AND  PROPOR- 
TIONS OF  TEST-PIECES  TO  BE  USED  IN  ORDER  TO  PROCURE  CORRECTLY  THE  TENACITY, 
KLASTIC  LIMIT,  ETC.,  OF  VARIOUS  METALS — PaRT  II.  A  COMPARISON  OF  THE  STRENGTH 
OP  BARS  IN  THEIR  NORMAL  CONDITION  WITH  THE  SAME  AFTER  THE  BARS  HAVE  BEEN 
REDUCED  BY  TURNING  AWAY  THE  SURFACE — COMPARING  THE  RESULTS  BY  THE  TWO 
TK.STING-MACHINT5S. 

FORM  AND  PROPORTIONS  OF  TEST-PIECES. 

In  obtaining  the  results  introduced  in  the  tables  of  records  of  bars 
tested  by  tension,  we  have  used  the  two  testing-machines  A  and  B. 
By  the  first,  we  have  tested  all  of  the  bars  of  diameter  greater  than 
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one  inch,  and  by  the  latter,  bars  in  their  normal  condition  of  less  than 
one  inch  diameter,  and  cylinders  turned  from  the  larger  bai-s. 

Our  tests  made  upon  these  cyluiders  ^ave  results  of  tensile  stren<jth, 
and  elastic  limit,  which  were  so  much  lower  than  the  maniifactiu^rs  of 
the  various  irons  considere<l  their  prnducts  ecfual  to,  that  some  dissatis- 
faction and  doubt  as  to  their  correctness  were  expressed. 

Upon  examination,  we  found  that  in  nearly  all  cases  where  our  results 
were  8ui)po8ed  to  be  erroneous,  on  iiccount  of  a  lack  of  coincidence  with 
results,  obtained  in  some  cases,  by  the  experiments  of  private  testers  of 
iron,  and  in  others  by  tests  matle  in  govenime^it  navy-yards,  by  i>ersons 
presumed  to  be  competent,  the  tests  whose  results  cast  doubts  upon 
ours  had  been  made  ui)on  test-pieces  turned  from  the  bars  to  a  reduced 
diameter,  which  at  one  point  was  reduced  by  a  groove,  to  a  much  le^ss 
one,  as  shown  in  Fig.  1,  page  101. 

The  errors  which  arise  through  the  use  of  this  erroneously  shai)ed  and 
proportioned  test-piece  have  been  frequently  pointed  out,  first  by  Kir- 
kaldy  and  subsequently  by  C.  B.  Kichanls,  meml)er  American  Society  of 
Civil  Engineers;  but  it  does  not  apiiear  that  even  as  yet,  the  errors  which 
thus  arise  are  fiilly  recognized.  As  a  case  in  iK)int,  the  followhig  com- 
parisons of  the  strength  of  various-sized  bars  of  iron  F,  as  found  by  our 
tests,  and  as  furnished  to  the  manufacturers  by  80-(*4ille<i  testers,  will 
fully  illustrate. 

This  iron  is  alicays  of  so  uniform  a  strength  and  quality  that  the  test 
of  one  bar  furnishes  most  valuable  evidence  as  to  the  probable  strength 
of  another. 

Strehgthper  square  inch  of  iron  F,  as  found  by  and  as  furnished  to  the  committee. 
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With  the  fcibulated  statement  furnished,  the  average  tensile  strength 
of  all  sizes  ccmibined,  was  given  as  63,207  pounds,  and  the  results  from 
the  sizes  If  and  1|"  had  been  consolidated,  also  those  from  IJ"  and  1|". 

With  ex|)eriinenters,  developiiig  by  ac^cident  such  a  uniformity  in  tlie 
average  tensile  strength  of  the  various  sizes,  it  is  not  to  be  wondered  at, 
that  no  attention  had  been  drawn,  to  the  variation  in  strength  accompany- 
ing variations  in  diameter,  which  is  plainly  indicated  in  diir  more  cor- 
rectly made  experiments. 

The  broken  test-pieces  by  which  the  results  were  procured  were  shown 
to  us,  and  they  were  of  the  gi'oove  fonn. 

We  determined  to  thoroughly  investigate  the  effect  upon  the  results 
whicli  were  due  to  variations  in  the  proi»ortions  of  the  test-pieces.  The 
stock  of  contracvt  chain  iron  on  hand,  all  of  which  had  been  considered 
to  be  of  a  tensile  strength  of  at  least  60,000  i)ounds  per  square  inch  (the 
standard  at  that  time,  as  it  is  or  was  also  of  the  British  navy),  furnished 
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material  for  experimeut,  autl  a  uumber  of  comparative  tests  were  made 
by  means  of  grooved  test-pieces  aud  short  cylinders,  with  results  as 
follows : 

COMPARISON    OP     RESULTS    OBTAINKD     FROM    CHAIN-IRON    ON     HAND,     BY    MEANS     OF 
GROOVED  TKST-PIECK8   AND  SHORT,   TURNED  CYLINDKRS. 

Experiments  No8,  1  to  5^. 
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These  results  made  it  e\ident  that  the  government  had  not  received 
iron  of  such  great  tensile  strength  as  was  supposed,  and  this  was  made 
more  certain  by  the  results  procured  subsequently  by  comparative  tests 
upon  several  of  the  irons  which  make  up  our  records.  These  are  here 
given.    One  groove-test  was  made  upon  each  size. 

Experiments  Nob.  59  to  94. 
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It  is  tx)  be  noticed  tliat  the  dilferenee  l)etweeii  the  results  obtained  by 
tlie  twu  luetliodM,  is  greater  in  i)ure  refiue4l  iron,  than  it  is  in  coarse  ma- 
terial. A  single  exi>enment  nuide  with  a  test-i>ieee  of  each  tbmi,  npou 
cast  iron,  confirmed  this  view;  the  difference  of  resnltj^  was  less  than 
1  per  cent.,  and  the  cylinder  proved  that  much  the  stronger. 

A  Heries  of  experiments  was  undertaken  for  the  express  ])uq>o8e  of 
enabliug  uh  to  decide  upon  the  coiTect  form  and  proportions  necessary 
in  the  test-piece,  to  in»tire  con-ect  results.  The  first  of  this  series  was 
made  ujion  eighteen  test-pieces  turned  from  a  2"  bar  of  a  remarkahlj- 
pure  refined  and  unifonn  imii  (K). 

No.  1  of  this  series  was  10"  long,  and  the  length  decreased  upon  each 
successi^'e  number  until  at  18  the  groove  fo  rm  was  reached.  The  diame- 
ters were  nearly  constant,  except  iu  two  cases,  where  seams  encountered 
made  it  necessary  to  tunn  away  more  iron.  The  results  are  given  iu  the 
folJowing  table: 

Bxp»HMente  Xo»,  95  to  LI3. 


No8.  13  and  18  of  the  preceding  table  are  reproducetl  iu  the  following 
illustnition — 

Fig.  1  l»eing  So.  IS  of  the  table,  and  Fig.  2,  No.  13. 

In  Fig.  1 ,  the  leugth,  a  b,  was  3" ;  diameter,  c  c,  .976". 

In  Fig.  2,  the  length,  a  i,  was  3";  diameter,  c  c,  .970", 

The  pieces  were  nearly  the  same  in  dimensions,  yet  the  stress  at  which 
No.  13  broke,  reduced  to  the  square  inch,  was  over  fifteen  thonsaud 
pounds  less  than  that  required  to  break  No.  18.  This  difference  would 
be  very  great  in  estimating  the  entire  stnmgth  of  the  bar  from  the 
results  of  the  two  pieces.  Were  those  tVom  No.  18  correct,  the  bar 
would  be  equal  to  a  strain  of  one  hundred  tons,  while  No.  13  show  that 
less  than  secentynine  tons  would  tear  it  asmtder. 

Before  proceeding  to  discuss  the  tabulatiou  of  other  results,  obtained 
by  other  comparative  tests,  it  will  be  in  order  to  examine  the  two 
drawings,  and  see  if  the  reason  for  these  differing  results  is  not  erident, 
and  if  it  cannot  be  plainly  shown  that  the  cylindrical  form  is  correct, 
while  that  of  the  groove  is  not  so. 
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Farms  of  test-pieces  for  tension. 


Fig.  1.— No.  18,  table. 


Fig.  2.— No.  13,  table. 
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Begiimiiig  with  Fig.  1,  if  the  stress  at  which  this  specimen  was  broken, 
were  assumed  to  be  an  equivalent  to  that  possessed  by  a  piec^  of  the 
iron,  whose  diameter  and  area  were  such  as  tlie  measurements  give,  viz, 
diameter,  .1)70  of  an  inch,  with  corresponding  area  at  the  least  section, 
there  exists  no  reason  why  a  prolongation  of  this  section  to  a  short  cylin- 
der should  tend  to  lower  its  strength. 

This  prolongation  could  be  produced  by  simply  tnraing  away  the 
shoulders  a  8  c  and  h  h  c,  leaving  thus  a  cyliiuler,  as  shown  by  the  heavy 
dotted  line  n  b ;  and  if  the  narrow  section  i-eceived  no  support  from  the 
shouldei*s,  there  is  no  reason  that  the  piec>e  represented  by  Fig.  1  should 
possess  more  strength  at  this  nan-ow  are^  than  that  shown  in  Fig.  2, 
whose  dimensions  are  nearly  the  same,  less  the  shoulders ;  yet  i)ra<5tically 
the  first  withstood  a  stress  over  fourteen  thousand  i>ounds  gi'eater  than 
the  other.  An  inspection  of  the  drawings  s-hows  the  cause.  The  stress 
which  produces  rupture,  tends  to  draw  tlie  fil)ers  of  the  iron  adjacent 
to  the  point  of  rupture,  together  laterally,  until  just  before  rupture 
takes  place,  the  piece  consists  of  two  truncated  cones,  joined  at  their 
narrowest  sections  or  ai)ices.  Tins  convergence  takes  pla<»«  with  all 
metals,  but  is  barely  perceiitible  with  those  whose  texture  resembles  that 
of  cast  iron,  is  characterized  by  a  long,  gradual  taper,  extending  to  soine 
distance  from  the  point  of  ruj^ture  in  soft,  ductile  irons,  and  is  abrupt  and 
at  times  excessive,  in  material  of  the  nature  of  low  steel. 

When  the  grooved  form  of  test-piece  m  used,  the  tendency  of  that 
portion  of  the  metal  adjacent  to  the  letist  area  to  converge  is  checked  by 
the  immediately  increasing  areas,  and  thus  the  stress  at  which  this  area 
yields,  is  equal  to  its  own  strength  plus,  a  portion  of  that  which  the  cylin- 
der, at  its  largest  area,  possesses. 

The  light  dotted  lines  in  Fig.  2  (which  have  also  been  reproduced  in 
Fig.  1)  represent  the  api)earance  of  No.  13  of  the  table  after  rupture; 
and  a  close  examination  reveals  that  even  with  this  piece,  the  length  has 
not  been  sufficient  to  permit  an  interruption  to  the  process  of  contrac- 
tion and  convergence  of  the  fibers,  there  being  at  the  point  where  the 
tapeiing  line  is  received  by  the  clamping  head  of  the  specimen,  evidence 
that  had  the  cylinder  been  longer,  the  point  where  the  lines  of  taper 
would  have  merged  into  the  orginal  parallel  lines  would  have  been  some 
distance  beyond  the  .junction  of  the  head  and  the  cylinder,  the  head  thus, 
to  a  certain  extent,  acting  in  the  same  manner  as  did  the  sides  of  the 
groove  in  Fig.  1,  and  thus  increasing  slightly  the  powers  of  resistance. 

By  the  table  we  see  that  this  piece  (No.  13)  did  give  higher  results 
than  those  which  were  longer;  the  average  tensile  strength  developed  by 
Nos.  2, 3,  4,  0,  9,  10,  11,  and  12,  being  55,488  pounds  per  square  inch, 
while  No.  13  gives  5(>,190  pounds,  an  excess  of  751  pounds,  thus  suggest- 
ing that  the  length  of  this  piece,  viz,  three  inches^  was  not  sufficient  to 
insure  correct  results. 

No.  12  gives  a  result  much  closer  to  the  averages,  as  do  Nos.  11  and  10. 

Assuming  that  the  proper  length  should  be  a  certain  percentage  of 
the  diameter,  we  find  No.  13,  which  is  less  than  four  diameters  in  length, 
is  not  long  enough;  No.  12,  of  about  four  diameters,  gives  correct  results. 

It  was  considered  that  the  data  obtained  by  this  experiment  would 
possess  more  value,  if  we  were  sure  that  the  differences  in  results,  were 
in  all  (tases  due  to  differences  in  length,  and  not  in  any,  to  i)ossible  dif- 
ferences in  the  characteristics  of  the  iron,  at  the  i>oints  where  the  test- 
pieces  were  cut  fiom  the  bars. 

It  wa*s  of  course,  imi>ossible  to  test  the  same  piece  by  both  methods 
and  thus  obtain  certainty ;  but  it  was  i)ossible  to  eliminate,  to  a  great 
extent,  errors  which  might  arise  from  this  cause,  by  the  preparation  of  a 
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set  of  test-pieces  varying  iu  length,  but  from  between  each  pair  of  which 
others  should  be  cut  which  should  be  of  uniform  dimensions. 

From  a  bar  1|^  of  an  inch  in  diameter,  of  the  same  iron,  another  set 
of  test-pieces  was  therefore  prepared  in  this  manner,  nine  of  nearly  uni- 
form proix)rtions,  bemg  alternated  with  nine  others,  of  which  the  length 
successively  decreased.  The  pieces  were  cut  from  the  bai-s  as  numbei^ed, 
ISo.  2  having  been  adjacent  to  No.  1,  &c. 

In  a  few  cases  seams  were  enciountered,  which  forced  us  to  reduce  the 
diameter  below  that  of  pieces  in  which  none  occun*ed. 
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The  first  six  of  the  test-pieces  were  carefully  testetl  for  the  elastic  limit, 
with  the  following  results : 

No.  1.  No  i>erc4jptible  change  at  26,595  pounds  per  square  inch;  at 
26,795  pounds  elongated  .005",  and  reduced  .004". 

No.  2.  No  change  at  27,994  iK)unds ;  at  28,194  jjounds  elongatetl  .030", 
and  reduced  .002". 

No.  3.  At  28,062  i^unds  elongated  .002",  and  reduced  .003". 

No.  4.  At  28,275  pounds  elongated  .032",  and  reduced  .002". 

No.  5.  At  27,268  pounds  elongated  .003",  and  reduced  .001". 

No.  6.  At  27,820  pounds  elongated  .015",  and  reduced  .003". 

The  stress  which  produced  the  first  perceptible  stretch  with  the  above 
pieces  was  ujion  an  average  of  27,539  i)oiuids,  while  the  average  of  the 
elastic  limit,  by  careful  test,  wa8  26,058  i)ounds,  tlius  differing  but 
1,481  i>ounds. 

Analysis  of  this  table  shows  that  the  bar  throughout  its  length  was 
of  ver>'  uniform  strength ;  the  extreme  difference  between  any  two  of 
the  pieces  of  uniform  length  l)eing  but  758  pounds  per  square  inch,  and 
the  average  of  the  nine,  (52,395  jKHinds,)  being  very  close  to  each  individ- 
ual result. 

No  marked  difference,  due  evidently  to  the  proportions  of  the  test- 
piece  alone,  Ls  obsen-able  with  the  pieces  which  varie<l  in  length,  until 
No.  17,  which  was  but  one-half  inch  long,  was  reached.  At  this  point  the 
difference  between  it  and  the  uniform  pieces  on  each  side  of  it  is  about 
5,000  pounds  per  square  inch. 

Thus  we  obtaiued  but  little  twlditional  information  as  to  tlie  tensile 
strength,  but  in  the  matter  of  elastic  limit  we  gain  points  of  interest. 
We  fiiid  that  in  the  two  ends  of  the  bar  there  was  in  this  resiHMJt  consid- 
erable difference.  Nos.  2, 4, 6, 8, 10,  and  12,  all  pieces  of  uniform  length, 
gave  an  elastic  limit  of  28,485  pounds  i)er  square  inch,  none  varying 
greatly,  such  variations  as  existed  indicating  tliat  the  end  from  whicli 
No.  1  was  cut  had  a  lower  limit  than  the  other,  No.  2  developing  28,000 
l)0unds,  and  No.  12, 28,800,  the  increase,  however,  on  the  intermediate 
numbers  l)eing  irregular.  Nos.  14,  16,  and  18,  however,  ranged  from 
31,800  to  3,3,580,  averaging  32,353  pounds. 

The  first  six  pieces  which  varied  in  length,  viz,  Nos.  1,  3, 5,  7,  9,  and  11, 
gave  an  elastic  limit  of  27,980  ])ounds,  dift'ering  thus  but  a  little  from 
that  develoi)ed  by  the  uniform  pieces. 

At  No.  13  as  at  14  a  rise  in  the  elastic  limit  was  noticeable,  but  in 
only  one  case  (No.  17)  was  the  variation  sufficient  to  indicate  that  the 
shortness  of  the  specimen  had  an  influence.  The  ratios  Initween  the  elas- 
tic limit  and  the  ultimate  strength  increase<l  both  with  the  uniform  test- 
pieces  and  those  varying  in  length,  and  thus  the  results  indicate  that  at 
that  portion  of  the  bar  there  was  a  slight  change  in  its  character. 

It  was  considered  that  it  was  possible  that  the  bar  having  been  rolled 
in  midwinter,  in  a  cold  climate,  the  difference  of  the  temperature  which 
probably  existed  between  that  at  the  end  of  the  bar  farthest  from  the 
roUs  and  the  one  nearest  to  them,  and  in  which  the  two  endi^  were  cooled 
at  different  degrees  of  rapidity,  might  have  affected  an  hon  so  fine  in  its 
nature.  Subse^iuent  exi)eriments,  liowever,  on  iron  which  it  was  known 
had  l)een  so  exjM)sexl  failed  to  detect  any  marked  difference  between  the 
rwo  ends  of  the  bars,  that  could  be  surely  attributed  to  this  cause. 

This  experiment  was  as  follows :  At  the  time  of  rolling  the  bars  of  iron 
F,  second  lot,  the  temperatuie  in  the  open  air  was  l>el(>w  30^ ;  the  bars 
were  rolle<l  about  40  feet  long ;  the  ends  which  passed  first  into  the  rolls 
were  while  the  bars  were  cooling,  about  3  feet  from  a  raised  door,  and  the 
temperature  of  this  point  was  about  31^ ;  the  inner  ends  of  the  bar  were 
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cooled  ill  a  temperature  of  60^  or  05°.  It  was  tbouglit  i>08sible  that  the 
diff'ereuce  iii  temi)eratiire  iii  which  the  two  ends  cooled  might  i)roducc 
some  effe<^t,  hence  a  i)iece  from  each  end  of  each  bai^  was  tested,  three 
tests  ni)on  each  inece.  Tlie  reconl  is  given  in  detail  in  the  record  of 
bars ;  here  it  is  but  necessary  to  give  the  results,  which  so  far  as  this 
question  is  concerned  decideil  nothing  pomtively. 

Elaaiic  Uviit  and  tensile  strength  of  the  two  ends  of  bars  cooled  in  temperatures  varying  from 

30°  to  6iP  Fahrenheit. 
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If  the  results  obtained  indicate  more  than  accidental  variations,  it  is 
that  the  liniit  of  elasticity  was  higher  in  the  end  slowly  cooled,  and  that 
the  tensile  strength  was  somewhat  lower. 

The  reduced  area  and  per  cent,  of  elongation  are  compared  at  the  ten- 
sile liftiit,  the  pieces  having  been  finally  broken  by  different  methods. 

So  far  as  their  evidence  can  be  considered  valuable,  it  indicates  that 
the  end  which  was  slowly  cooled  was  generally  more  dmtile  than  the  end 
which  cooled  rapidly. 

If  on  future  experiments  results  are  found  which  confirm  those  ob- 
tainexl  by  this  set,  they  will  have  a  new  value ;  as  it  is,  they  are  not  to 
be  perfectly  depended  ui)on  as  deciding  anything. 

The  experiments  up  to  this  pohit  liaving  established  to  our  satis- 
faction that  in  onler  to  i)rocure  correct  results  it  was  requisite  that  a  t>est- 
piece  should  be  not  less  than  four  rimes  its  diameter  in  length,  the  quesrion 
now  arose  whether  variations  in  this  basis,  the  diameter,  would  produce 
hnportant  differences  in  results.  To  solve  this,  two  sets  of  test-pieces 
were  prepared  from  a  bar  of  1|"  iron  K,  in  this  manner: 

One  set  consisted  of  seven  pieces,  the  first  one  of  which  was  four  inches 
in  length  and  one  uich  in  diameter ;  each  successive  piece  was  reduced 
to  a  diameter  less  than  that  of  its  ])redecessor  by  one-tenth  of  an  inch, 
and  the  length  cut  equal  to  four  times  the  diameter,  No.  7  thus  being  of 
.4"  diameter  and  nearly  I".G  hi  length. 

The  other  set  consisted  aiso  of  seven  j)ieces,  of  which  No.  1  was  of  the 
same  dimensions  as  No.  1  of  the  first  set ;  tlie  remainder  of  the  pieces 
were  made  successi\'ely  decreasing  in  diameter  as  in  the  fii*st  case,  but 
the  length  remained  the  same  thi-oughout,  viz,  4  inches,  excei)t  m  case 
of  No.  7,  which  was,  through  accident,  a  trifle  shorter.  The  two  sets  were 
cut  from  tlie  bar  in  the  following  order :  No.  1  of  first  set,  No.  1  of  second, 
No.  2  of  first,  No.  2  of  second,  &c. ;  thus  the  same  number  in  both  tables 
indicates  adjacent  portions  of  the  bar. 
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The  results  of  the  tests  are  giveu  iu  the  following  tables: 

Experiments  So.  133  to  147. 

MATERIAL,  IRON  K;  DIAMETER  OF  BAR,  II   IKCURS. 

FIRST  SET. 

(Teatof  aeveu  pieces,  Bacoessively  deoreMinf;  in  length  and  diameter,  each  pieoe  being  (approximately 

foar  diamoterii  long.] 
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*  Probably  an  error. 

SECOND  SET. 

(2)  [Test-pieces  oonstant  in  length  (4  inches),  diameter  diminishing  by  ^  inch,  test-pieces  from  same 

bar.] 
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A  specimen  Irom  the  same  bar  was  also  carefully  tested  for  the  elastic 
Uinit,  which  was  found  to  be  at  28,664  pounds  per  square  inch,  at  which 
stress  it  had  permanently  elongated  from  3'^649  to  3".675,  and  had  re- 
duce in  diameter  from  .977  of  an  inch  to  .975,  the  elongation  before  the 
relaxation  of  the  stress  being  .003  of  an  inch  and  the  reduction  of 
diameter  .002  of  an  inch  greater. 

Analysis  of  the  results  in  the  first  set  shows  that  as  the  dimensions  of 
the  test-piece  decreased,  there  was  a  constant  increase  in  the  elastic 
Umit  and  an  irregular  increase  of  the  tensile  strength,  which  must  have 
been  due  either  to  the  decreasing  length,  decreasing  diameter,  or  to 
changes  in  the  character  of  the  material. 

The  second  set  of  test-pieces,  through  some  inexplicable  cause,  proved 
verj'  irregular,  in  comparison  with  the  others  cut  from  the  same  bar,  so 
much  so  that  their  record  is  of  no  gi'eat  value  in  an  investigation  where 
so  much  deduction  depends  upon  very  slight  facts.  The  largest  and 
smallest  pieces  were  more  alike  in  their  tensile  strength  than  were  any  of 
the  intermediate  sizes. 

The  elastic  limit  rose  inegularly  as  the  diameter  decreased,  showing  a 
gain  of  about  5,000  iK)unds  between  the  extremes. 

It  was  thought  advisable  to  search  further  and  see  if  this  would  always 
prove  the  case.  Four  other  test-i)ieces  were  prepared  from  a  2"  bar  of 
iron  P,  two  of  which  were  made  as  large  as  we  could  break  with  safety, 
and  the  others  as  small  as  could  be  trusted  for  accui'ate  results.  They 
were  tested  with  results  which  did  not  confirm  the  action  of  the  previous 
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set  as  regards  the  elastic,  as  with  these,  the  larger  pieces  developed 
slightly  higher  elastic  limit  than  the  small  ones,  but  fully  confirmed  the 
resu  Its  as  to  the  smaller  test  piece  indicating  the  greater  tensile  strength 

EacperimenU  No.  148  to  152. 

MATERIAL,  IBON  F;  DIA3fBTEB  OF  BAR,  S  INCHES. 

[Test-pieoes  of  different  diaoieten  and  of  length  equal  to  tix  dUmeters.] 
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The  difference  in  results  obtained,  is  not  so  great  as  to  be  of  value, 
were  it  not  that  what  little  there  is,  confirms  the  views  already  expressed, 
that  in  obtaining  the  tensile  strength,  we  are  liable  to  rate  that  of  a  large 
bar  at  too  high  a  figure  if  we  depend  upon  the  results  obtained  from  a 
test-piece  which  represents  the  character  of  the  core  and  not  tliat  of  the 
entire  bar,  tlie  iron  being  strongest  at  the  center. 

The  difference  in  tensile  sti'ength  is  more  marked  at  the  "tensile  limit '' 
than  at  fracture,  at  which  point  the  smaller  test-piece  not  only  showed 
greater  strength,  but  also  greater  elongation  and  reduction  of  area. 

All  of  the  tests  in  this  investigation  having  been  made  u^wn  iron  with 
considerable  tensile  strength,  it  was  thought  advisable  to  make  one  more 
experiment  with  a  bar  of  very  soft  and  ductile  iron. 

A  2"  bar  was  selected,  which,  although  of  low  tensile  strength,  was 
very  tough  and  ductile. 

From  this  nine  test-pieces  were  turned  of  lengths  fi-om  8  inches  down 
to  the  groove  form,  each  successive  piece  being  nearly  one  inch  shorter 
than  its  predei5essor,  and  all  being  of  nearly  uniform  diameter.  They 
were  tested  with  the  following  results : 

Ejrperimenis  Xo.  153  to  162. 
[To  determine  necefisary  proportions  with  very  soft  iron  (D).] 
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The  results  indicate  that  with  iron  of  this  charactex  a  length  equal  to 
four  diameter  is  not  quite  sufficient  to  insure  accurate  results. 

No.  5,  which  was  nearly  four  diameters  in  length,  gave  a  tensile  strength 
greater  by  689  per  square  inch,  tlian  was  develoi)ed  by  Nos.  1, 2, 3,  and  4, 
which  were  very  uniform,  No.  4  being  five  diameters  in  length  and  long 
enough.  No.  6,  of  three  (liameters,  gave  still  higher  results,  which  were 
not  subsequently  increased  as  the  length  lessened,  until  the  groove  form 
was  reached,  when  there  was  a  sudden  rise  of  over  13,000  jwunds,  a  dif- 
ference equal  to  33  per  c^nt.  of  the  acjtual  strength. 

In  conclusion,  our  results  lead  us  to  the  decision,  that  in  testing  iron  no 
test-piece  should  he  of  less  than  J  inch  diameter,  as  inaccuracy  is  more 
probable  with  a  small,  than  with  a  large  piece,  and  the  errors  are  more 
increased  by  reduction  to  the  square  inch ;  that  the  length  should  not  be 
less  than  four  times  the  diameter  in  any  case,  and  that  with  soft,  ductile 
metal  five  or  six  diameters  would  be  preferable. 

These  rules  hold  good  in  testing  steel  also,  as  may  be  seen  by  the 
appended  results,  which  have  teen  submitted  to  the  committee,  of  tests 
made  upon  Bessemer  steel,  which  residts  are  confirmed  by  those  obtained 
by  Colonel  Wilmbt  at  the  Woolwich  arsenal,  made  also  upon  Bessemer 
steel,  wliich  we  quote  as  follows : 

Material,  Bessemer  steel;  test-pieces  of  one  square  inch  area. 

Pounds 
per  square  inch 

By  groove  form :  Highest  tensile  strength 162, 974 

Lowest  tensile  strength 136, 490 

Average  tensile  strength 153, 677 

By  cylinder :         Highest  tensile  strength 123, 165 

Lowest  tensile  strength 103, 255 

Average  tensile  strength 114, 460 

The  grooved  thus  exceeding  the  cylinder  form  32  per  cent,  to  34  per 
cent. 
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Section  IV. — Part  II. 

COMPARATIVE  STRENGTH  OF  BARS  IN  THEIR  NORMAL  CONDITION  AND 
AS  REDUCED  BY  TURNING  AWAY  THE  SKIN  AND  ADJACENT  IRON. 

A  few  tests  were  made  by  teii8iou  for  the  double  puri>ose  of  ascertain- 
ing if  the  streiigtli  per  s(|uare  inch  of  iron  bars,  with  or  without  the  skin, 
would  prove  the  same,  and  to  compare  the  results  obtained  by  the  two 
testing- machines  A  and  B. 

The  first  series  was  made  upon  a  number  of  bars  of  our  most  uniform 
iron,  one  which  had  received  very  thorough  work.  The  detailed  history 
of  these  tests  is  given  in  the  "  Reconl  of  bars^"  from  which  an  abstract  wiU 
be  here  inserted,  whicjh  will  show  simply  their  relative  strength  as  tested 
by  test-pieces  which  were  reduced  to  various  extents,  and  by  others 
which  were  not  so  reduced. 


Compariaon  of  strength  of  bears  tested  by  tension  in  their  normal  condition^  slightly  reduced^  and 

rediiced  to  cylinders, 

IRON  F. 


SECOND  LOT. 

THIRD  LOT. 

s 

Streogth  per  square  inch. 

Strength  per  square  inch. 

Bars  Dot  re- 
daoed« 

Bars  reduced 
sliifbily. 

Bars  reduced 
to  cylinders. 

Bars  not  re- 
duced. 

Bars  reduced 
slightly. 

Bars  reduced 
to  cylinders. 

In. 

1 
1^ 

Poundg. 
5%  dl9 

5Q  *2H7 

Pounds. 
S-A  810 
51, 675 
51. 949 
50,403 
50, 7J>9 
49.605 
50.301 
49,(>d3 
48, 170 

Pmmda. 
51. 3?0 
50.317 
50.087 
49.  444 
49,628 
49,  643 
49,4c» 
48.754 
47, 774 

Pounds. 
51.931 
50,140 
53,739 
53.339 
50,830 
50.539 
50,  457 
49,  744 
47,873 
48,505 
47. 344 

Pounds. 

Pounds. 
51,128 
50.530 
49,801 
48,819 

li                52, 6-iO 

li                  52.  M7 

if 

51.456 
50,970 
49,73'J 
49.061 
47.569 

51  838 

w 

49, 144 

48,793 

11 

49, 370 
48,380 
49  890 

3 

3i 

49, 164 
48,475 

'4 

47,438 
46,  446 

3 

47, 761 
47, 014 

3i 

i 

4 

• 

47,000 
46,667 

•  •  •     ■       • 

46,333 

Which  results,  being  grouped,  show  that  in  the  second  lot,  in  which 
there  were  nine  comparative  tests — 

The  rough  bar  exceeded  the  turned  in  strength  in  7  cases. 

The  rough  bar  exceeded  the  cyliu>I(3r  in  strength  in  8  cases. 

The  turned  bar  exceeded  the  rough  in  strength  in  2  cases. 

The  turned  bar  exceeded  the  cylinder  in  strength  in  8  cases. 

By  the  eleven  comparative  tests  of  rough  bars  with  cylinders  of  the 
third  lot — 

The  rough  exceeded  the  cylinder  in  6  cases. 

The  turned  bar  exceeded  the  rough  in  2  cases. 

It  will  be  noticed  that  the  preponderance  of  the  cases  where  the  strength 
of  the  reduced  bars  exceeded  that  of  the  rough  ones,  occurred  with  the 
bars  of  great  diameter,  and  that,  with  one  exception,  the  strength  of 
the  bars  of  less  than  2"  diameter,  as  shown  by  the  test  of  the  cylinder, 
was  less  than  tliat  shown  by  test  of  entire  bars,  and  that  in  case  of  the 


112 


TESTS    OF   METALS. 


2",  2J",  aud  2J"  the  reverse  was  the  case.  This  may  indicate  that  the 
core  of  these  larger  bars  was  less  heated  in  the  furnace  than  the  rest  of 
the  bar,  hence  retamed  more  strength. 

A  number  of  tests  in  the  same  connection  were  made  upon  bars  of 
other  irons,  with  results  as  follows : 


Consolidation  of  results  from  226  tests  by  tension  upon  test-pieces,  with  and  without  skin,  show- 
ing preponderance  of  strength  in  favor  of  the  bar  in  nonnal  condition. 
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TESTING-MACHINE  A. 


Iron. 
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20 
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30 


Tensile     strenfftb 
per  square  inch. 


& 


Lbs. 

51,499 

51, 1S7 

53,156 

51,375 

49.678 

49,095 

49, 513 

51,333 

51,739 

51,606 

51.944 

55, 411 

53,355 

53,894 

53,098 

53,570 

56,818 

57,380 

55,543 


a 


Lbs. 

51.895 

50,383 

53,347 

51,371 

49,735 

48,736 

51,367 

49,  419 

49, 044 

51,740 

50,844 

55.409 

51,843 

53,309 

53,497 

53.434 

54,143 

55,031 

55,805 


Excess      of 
strength. 
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Lbs. 
"744 


4 

33 

369 

145 

1.814 

3.695 


1.100 
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413 

585 


146 
3,675 
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UPON  DION  F,  ALREADY  TABULATED. 
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5 
5 
5 
5 
5 
5 
5 
5 
3 

3 

49 


1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 

13 


53,819 
53,367 
53,630 
53,537 
51.456 
50,970 
49,738 
49,061 
47.569 
48,505 
47.344 


58,810 
51, 675 
51, 949 
50,403 
50,799 
49.605 
50,301 
49,683 
48,170 
49.164 
48,475 


9 
503 
671 

3,134 
657 

1,365 


463 
631 
601 
659 
1,131 
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TESTINO-MACHnSTE  B. 


Iron. 


C 

C 

C 

C 

D 

K 

K , 

Contract  iron 

F,  first  lot 

F.  first  lot 

F.  flrs^lot 

F,  first  lot 

F.  third  lot 


M 

35 


In. 
1 

.1 

1 
1 

I* 

1 
« 


i 


Number  of 
tests. 


JO 


i 

3 

6 
8 
6 
3 
4 
3 
4 
3 
6 
6 
3 
3 
3 
3 
3 


1 

e 

B 


3 
3 
5 
6 
4 
3 
3 
4 
4 
3 
5 
5 
1 
1 
1 
1 
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Tensile    strenfrth 
per  square  inob. 


.A 
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53 


Lbt. 

53,949 

54,076 

55,135 

57,846 

53,400 

02.369 

61,945 

60,466 

53,155 

33.645 

57,  257 

55,644 

50,716 

51,909 

52,032 

53,755 


if 

a 
b 

9 
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52.796 

52,475 

55. 311 

62,813 

52.408 

60,536 

62,156 

50.696 

51,547 

51,540 

57,668 

54,964 

50.374 

50,276 

51, 431 

52,775 


Excess     of 
strength. 


"8 


& 


Lb9. 

Lbs, 

153 

•  .  •«•••• 

1,601 

•  ■ •••«•• 

414 

4,967 

992 

1,733 

211 

770 

608 

^ 

1,105 

41  i 

680 

342 

693 

601 

'••••a«w« 

980 

Id  case  of  tbe  half-inch  bars  of  irou  G,  of  which  the  tarned  so  greatly 
exceeded  the  rough  in  strength,  there  is  some  reason  to  suspect  that  a 
piece  of  the  bar  of  irou  K  was,  by  uiistake,  substituted  for  that  of  G.  In 
tbe  case  of  iron  K,  where  the  turned  exceeded  the  rough  bar,  the  threads 
of  the  latter  stripped. 

The  evidence  accumulated  indicates  that  the  strength  of  the  skin  of  the 
bar  is  greater  in  proportion  to  its  area  than  that  of  the  rest  of  the  bar. 

In  making  the  foregoing  tests,  we  And  that  in  sixteen  comparative 
tests  of  small  bars  by  testing-machine  B,  and  in  thirtj'  comparative  tests 
ui>oii  larger  bars  by  testing-machine  A,  making  forty-six  in  all,  in  thir- 
teen cases  of  the  former  and  twenty  of  the  latter,  thirty-three,  or  over 
72  per  cent,  of  the  excess  of  strength,  occurred  with  bai^s  in  their  nor- 
mal condition. 

With  iron  F,  which  was  so  uniform  in  its  stnicture  that  any  peculiarity 
which  manifested  itself  by  any  particular  test  seemed  to  indicate  a  ik)s- 
sible  law,  we  find  that,  with  the  bars  which  received  the  most  work,  viz, 
from  V  to  If  inclusive,  the  rough  bars  were  stronger  than  the  turned ; 
above  1|"  the  more  slightly  worked  sizes  reversed  the  proportion.  If 
this  result  can  be  accepted  as  indicative,  it  would  be  wise  in  estimating 
the  entire  strength  of  a  large  bar  by  the  data  afforded  by  the  test  of  a 
cylinder  turned  from  its  center  to,  as  has  already  been  said,  consider  it 
probable  that  an  overestimate  would  be  made;  for  instance,  the  strength 
of  the  2\"  bar  was  by  actual  test  192,861  pounds  of  the  entire  bar,  by 
test  of  turned  bar  195,481  pounds,  by  test  of  cylinder  195,981  pounds, 
showing  a  possible  overestimate  of  3,120  pounds  by  use  of  a  cylinder 
turned  from  the  core. 

H.  Ex.  98 8 
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Section  V. 

A  PAPER  DESCRIBING  A  SERIES  OF  TESTS  MADE  BY  THE  APPLICATION 
OF  SUDDEN  STRAINS  TO  PORTIONS  OF  THE  VARIOUS  BARS,  WHOSE 
ACTION  AS  BARS  AND  LINKS  UNDER  TENSION  HAS  BEEN  GIVEN. 

The  tests  by  which  we  have  ascertained  the  powers  of  the  various 
irons  of  the  series  to  resist  steady  tensional  strains,  applied  in  the  di- 
rection of  the  fiber,  and  when  manufactui'ed  into  links,  have  tiu-nished 
us  with  no  data  by  which  their  relative  powers  to  resist  sudden  strains, 
applied  transversely,  could  be  judged.  As  cables  are  more  frequently 
broken  by  strains  of  this  nature  than  by  all  other  causes  combined,  it 
was  considered  to  be  absolutely  necessary  that  the  series  should  be 
subjected  to  such  test*s  as  would  develop  their  relative  values  in  this 
respect  before  we  could  express  an  opinion  as  to  which  of  the  varying 
characteristics,  as  developed  by  tension  alone,  indicateil  that  the  iron  in 
which  they  existed  could  be  considered  as  in  every  way  suitable  for  the 
manufacture  of  cables. 

Having  no  apparatus  by  which  such  tests  could  be  made,  one  was  de- 
vised by  the  chairman  of  this  committee,  by  the  use  of  which  we  were 
enabled  to  form  a  very  fair  judgment  as  to  the  comparative  values  of 
the  irons  when  subjected  to  shocks. 

This  machine  was  called  the  impact-hanmier,  and  it  is  shown  in  the 
accompanying  lithograph. 

METHOD  OF  TESTING  BY  IMPACT. 

Our  method  of  testing  by  this  machine  was  this :  Test-pieces  not  less 
than  twelve  diameters  in  length  were  placed  across  the  hole  through  the 
anvil,  the  centers  being  directly  under  the  edge  of  the  wedge-shaped 
hammer,  which  was  raised  to  various  heights  and  allowed  to  drop  upon 
them. 

Bars  of  some  irons  which  were  tested  by  this  method  could,  while  in 
their  nonnal  condition,  the  skin  being  in  no  manner  nicked  or  weakened, 
be  broken  in  two  by  blows  of  less  than  3,000  foot-poimds  force;  with  other 
irons  it  was  necessary  to  weaken  them  by  a  circular  score  ^  of  an  inch 
deep  that  we  might  succeed  in  breaking  the  test-piece,  it  not  being  con- 
venient to  use  a  hammer  of  over  one  hundred  pounds  w^eight,  which  could 
be  hoisted  but  thirty  feet.  This  cut  through  the  skin  reduced  the  bar's 
power  to  resist,  in  the  same  manner  that  it  is  reduced  by  the  ordinary 
method  of  nicking  with  a  cold-chisel,  and  the  blows  of  the  hammer  were 
of  the  same  nature  as  those  given  by  sledge-hammers ;  but  w^ith  this 
machine  the  force  of  the  blow  could  be  regulated  and  known,  and  the 
weakening  produced  by  the  cuts  made  uniform. 

The  w^edge-shaped  portion  of  the  hammer  permitted  a  bar  to  bend  to 
an  angle  of  12(P. 

Through  the  data  collected  by  the  test  by  this  method,  of  a  large  num- 
ber of  bars  of  various  irons,  differing  widely  in  character,  we  w^ere  able 
to  detect  the  existence  of  a  connecting  link,  and  partially  trace  its  coiu'se, 
between  the  characteristics  displayed  under  tension,  and  those  produced 
by  impact. 

Iron  with  high  tensile  strength  generally  proved  to  be  possessed  of 
but  comparatively  low  resilience :  it  would  break  under  the  blows  with 
but  slight  deflection,  and  leave  a  fractured  surface,  smooth  as  though  the 
bar  had  been  cut  in  two  by  a  sharp  knife,  the  ends  of  the  fibers  showing, 
like  steel,  a  fine,  slightly  granulous  surface. 
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Iron  of  coarse,  slightly- worked  character  would  have  an  equally  smooth 
and  bright  surface,  but  the  coarse,  gnmulous  appearance  of  the  cut  fibers 
denoted  how  slightly  they  had  been  affected  by  the  rolls. 

Iron  with  a  high  elastic  limit  would  resist  the  first  blow  with  but  little 
injury  or  deflection,  but  the  deflection  once  started  by  subsequent  blows, 
it  would  yield  more  at  each  than  would  other  irons  with  a  lower  limit, 
which  were  more  affected  by  the  first  blow.  Some  irons  would,  after 
having  been  weakened  by  the  circular  cut  through  the  skin,  resist  with 
slight  injury'  blows  wluch  would  break  in  two  bars  of  the  same  size  of 
other  irons  which  had  not  been  so  weakened. 

There  are  many  irons  valuable  for  many  purposes,  which  would  not 
yield  good  results  under  this  form  of  test;  but  however  valuable  for  other 
purposes,  the  material  which  proves  brittle  under  test,  cannot  be  ex- 
pected when  made  into  cable,  and  subjected  to  strains  of  a  similar 
nature,  to  prove  equal  to  its  tasks. 

Iron  which  is  materially  weakened  by  a  repetition  of  slight  sudden 
stnuns,  none  of  which  produce  perceptible  injury,  but  wliich  do  so 
injure  it  that  eventually  a  strain  no  greater,  and  perhajis  much  less  than 
those  previously  encountered  will  destroy  it,  is  not  suitable  for  cable. 
Iron  whose  entire  strength  depends  upon  its  remaining  perfectly  free 
from  abrasion  or  shght  cracks  is  not  suitable  for  cables.  Our  tests  by 
impact  revealed  that  large  quantities  of  iron  possessing  the  above  defects 
had  been  accumulated  by  the  government,  all  ha\ing  passed  satisfac- 
torily the  examinations,  which  consisted  of  tension-tests  made  upon  test- 
pieces  of  eiToneous  proportions.  Much  of  this  iron  was  of  good  ma- 
terial, but  the  low  price  at  which  it  had  to  be  supplied  in  order  that 
the  lowest  bidder  should,  as  the  law  directed,  receive  the  contract,  had 
necessitated  that,  in  order  to  make  it  cheap  enough,  but  very  little  work 
ahonld  be  expended  upon  it. 

Our  experiments  demonstrated  not  oidy  its  want  of  value  in  its  pres- 
ent state,  but  also  that  by  thorough  work  it  could  be  vastly  improved, 
and  when,  in  addition  to  this  work,  material  of  no  greater  cost,  but  pos- 
sessing qualities  that  the  coarse  chain-iron  lacked  was  added,  we  found 
that  most  valuable  iron,  capable  of  resisting  all  strains,  was  produced. 

An  example  of  such  a  transformation  will  be  described.  The  material 
selecteil  was  taken  from  the  pile  of  2^^^"  chain -iron,  and  was  probably  as 
inferior  a  bar  of  iron  as  could  be  found  in  the  pile,  or  in  our  markets, 
there  being  in  the  stock  of  chain-iron  however,  a  great  many  equally  as 
poor. 

These  bolts,  each  over  26"  long,  were  thoroughly  tested.  Several  which 
had  not  been  weakened  by  a  score  were  broken  square  in  two  by  a 
single  blow  of  the  hammer  droi>ped  twenty-five  to  thirty  feet;  others, 
after  having  been  struck  from  ten  to  twenty  times  by  the  hammer  from 
a  height  of  eight  or  ten  feet,  and  showing  no  in  jiu'y  or  deflection,  would, 
upon  receiving  another  blow  of  no  greater  force,  break  in  two ;  other 
bars  scored  as  has  been  described  would  break  in  two  at  single  blows  of 
from  one  to  three  feet  drop. 

In  all  cases  the  appearance  of  the  fracture  was  the  same,  and  is  shown 
in  Fig.  1,  Plate  VI,  and  would  l)e  described  as  "  bright,  coarse  granu- 
lous."  The  piece  photogi'aphed  was  broken  by  a  single  blow  of  the 
hammer,  dropped  thre^  feet. 

The  fragments  of  this  bar,  with  those  of  several  others  of  the  same  lot, 
some  of  which  had  broken  by  even  light^^r  blows,  were  piled  with  alternate 
layers  of  old  boiler -iron  (they,  having  been  first  thoroughly  rewoiked), 
and  were  hammered  into  a  bloom,  from  which  a  bar  of  2"  diameter 
was  swaged.  This  was  cut  into  pieces  24"  long,  and  the  pieces  were 
scored  in  two  places  %"  apart,  and  then  tested  as  was  the  original 
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bar,  except  that  each  drop  of  the  hammer  was  fix)m  a  height  of  thirty 
feet.  The  first  score  received  ten  such  blows  before  it  was  entirely  torn 
in  two,  and  the  fractured  surface  appeared  as  shown  in  Fig.  2  of  same 
plate. 

This  bar  was  still  further  tested  to  ascertain  the  effect  of  low  tem- 
perature upon  the  strength  of  an  iron  of  this  description.  After  expos- 
ure for  twenty-foui'  hours  in  the  open  air,  the  temperature  averag- 
ing about  30O  Fah.,  the  second  score  was  subjected  to  impact  and 
resisted  eight  blows  of  3,000  foot-pounds,  the  ninth  blow  cutting  in  two 
the  remaining  segment  at  the  top,  which  developed  a  fine  granulous 
api)earance,  as  shown  at  b,  Fig.  1,  Plate  III. 

The  resemblance  of  the  segment  of  ft  to  the  entire  face  of  Fig.  1,  Plate 
VI,  and  to  the  same  in  a,  Plate  III,  is  caused  by  the  fact  that  in  eax5h 
case  the  blow  which  produced  the  effect  was  so  far  beyond  the  power  of 
the  iron  to  resist,  that  the  fibers  were  cut  in  two,  as  if  struck  with  a 
chopping-knife. 

With  the  2"  bar  the  energy  was  that  of  a  3,000  foot-pound  blow 
given  to  about  one-quarter  of  an  inch  of  thickness  which  had  already 
been  weakened  by  the  shock  of  eight  as  heavy  blows.  With  the  2^" 
the  energy  was  but  300  foot-pounds,  delivered  upon  a  bar  over  i|" 
thick  which  had  sustained  no  previous  stress.  There  is  between  them 
a  difference  that  the  illustration  does  not  show  clearly.  In  both  cases 
the  fibers  are  cut  across  at  right  angles,  and  show  by  the  fineness  of 
the  bright  ends  in  the  2"  bar  that  the  material  was  good ;  in  the  other 
bar  the  ends  of  the  fibers  are  coai'se  and  large.  The  brightness  of 
the  first  resembles  to  a  certain  extent  that  of  fractured  jsteel ;  that  of 
the  other,  fractured  cast-iron. 

The  fracture  shown  at  a,  Fig.  1,  Plate  III,  is  that  of  another  made 
upon  the  same  2"  bar,  which  had  withstood  the  extreme  tests  described. 
In  this  case,  however,  the  score  was  cut  much  deeper,  and  weights  being 
added  to  the  hammer,  the  test-piece  received  a  blow  of  6,000  foot-i>ound8, 
which  cut  it  in  two,  as  shown. 

The  extreme  difference  between  the  appearance  of  the  fiuctures  made 
upon  the  same  material  (and  it  of  great  resisting  powers),  by  different 
degrees  of  the  same  force,  indicates  that  it  is  unsafe  even  for  an  expert 
to  attempt  to  give  evidence  a«  to  the  character  of  the  material  from 
which  a  bridge,  axle,  or  cable  that  has  be^n  accidentally  broken  was 
made,  unless  he  knows  just  hoic  it  was  broken.  To  render  a  judgment 
upon  this  point  a  i>erson  must  not  only  be  an  expert,  but  he  must  know 
by  what  character  and  amount  of  forc^  the  fi^acrture  wtis  produced. 

The  fractures  illustrated  in  Fig.  2,  Plate  III,  supply  additional  evi- 
dence. The  three  were  made  by  impact  upon  the  same  bar  (of  iron  A, 
IJ"  diameter,)  which  was  scored  in  three  places,  eight  inches  apart.  At 
a  the  score  was  slight,  and  the  piece  wa«  torn  in  two  by  repeated  light 
blows. 

At  h  the  score  was  the  same,  but  after  the  bar  had  been  broken  half 
in  two  by  light  blows,  one  hea\y  one  was  given,  which  cut  in  two  the 
remainder. 

At  c  the  score  was  deep,  and  one  hea\^'  blow  did  the  work ;  a  woiUd 
be  described  as  " all  fibrous }^  6  as  " half  granulous  and  half  fibrous ; ^ 
c  as  "  bright  granulous." 

The  illustrations  given  in  Plate  VI  may  be  considered  a«  represent- 
ing typical  fracture  by  impact  of  tlioroughly  worked,  and  of  insufficiently 
worked  irons.  Tlie  first  will  bend  before  it  breaks ;  the  second  will  break 
without  bending. 

Irons  F,  Fx,  O,  D,  H^  G,  Px,  and  some  of  the  bars  of  B,  C,  and  P, 
resemble  more  or  less  m  their  characteristics  those  shown  in  Fig.  2  j 
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those  of  irons  N,  the  2"  bar  of  D,  and  some  of  those  of  B  and  C,  resemble 
Fig.  1,  as  did  most  of  the  contract  chain-iron. 

Reference  has  been  made  in  several  places  in  this  report  to  the 
remarkable  difference  which  existed  between  the  2"  bars  of  iron  D  and 
the  smaller  bars  of  the  siime  iron.  No  description  can  mark  this  differ- 
ence as  plainly  as  a  photograph,  and  such  photograph  was  accordingly 
prepared.     (See  Plate  X.) 

In  the  first  pair  of  fractures,  the  contrast  between  the  2'^  bar  and  a 
smaller  one,  as  developed  by  imi)act,  is  given.  The  2"  bar  was,  after 
being  scored,  broken  by  a  single  twenty-foot  drop  of  the  hammer,  show- 
ing no  deflection.  The  1|''  bar  was  but  slightly  cracked  by  a  blow  of 
the  same  force,  and  received  four  others  of  from  five  to  eight  feet  drop 
before  rupture  was  comi)lete. 

The  second  pair  show  the  action  under  tension  of  the  2"  and  If 
bars  of  the  same  lot,  the  former  shoAving  but  slight  reiluction  ^f  area 
(2.1  per  cent.),  and  its  fractured  surface  resembling  very  closely  ttat  of 
the  fraeture  made  by  impact,  the  latter  reducing  4:9.7  per  cent,  showing 
a  fibrous  surface. 

BARKING. 

A  peculiar  phenomenon  occurred  witli  irons  of  a  certain  tyi)e  during 
the  test  by  imj)act,  which  was  given  the  shop-name  of  "  barking."  Illus- 
trations in  Plates  IV  and  XII  will  give  a  clearer  idea  than  description 
can  of  this  phenomenon.  This  occuiTed  only  in  tests  of  very  tough  duc- 
tile iron  which  had  been  thoroughly  worked,  and  which  required  sev- 
eral repetitions  of  the  blows  to  break  it  in  two. 

As  the  deflection  caused  bv  each  successive  blow  increased  the  trans- 
verse  crack  at  the  lower  part  of  the  test-piece  widened,  and  the  surface 
iron  became  detached  and  stood  open  like  a  detached  bark.  A  tough, 
gray  ligature  with  splintered  siu'face  connected  the  two  ends,  and  a 
finger  could  be  thrust  under  the  skin  on  either  side. 

Several  photographs  were  made  of  instances  of  this  action,  it  being 
deemed  peculiar  to  most  excellent  iron,  occurring  only  with  A,  C,  F, 
Fx,  and  O. 

CONTRAST  BETWEEN  APPEARANCES    OP  FRACTURES   OF    IRON    WHICH 
HAVE    RECEIVED    DIFFERENT    AMOUNTS    OF    WORK. 

The  illustrations  on  Plate  XIII  show  the  contrasting  action  of  irons 
Px  and  N,  when  tested  by  impact ;  the  first,  a  choice  material  thoroughly 
worked,  deflecting  greatly  and  tearing  in  two ;  the  second,  a  coarse 
underworked  product,  breaking  like  a  pipe-stem  by  a  blow  very  slight, 
as  compared  with  that  received  by  iron  Px,  the  latter  resisting  until 
the  fifth  3,000  foot-pound  blow  was  given,  the  former  yielding  with  a 
"  square  break  "  at  a  single  2,000  foot-pound  blow.  Tested  by  tension 
alone,  iron  N  would  have  been  rated  as  a  most  excellent  iron.  It  failed 
under  impact  and  as  cable.  In  the  second  group,  same  plate,  the  test- 
pieces  illustrated  are  those  of  irons  P  and  F,  broken  by  tension.  These 
irons  were  rather  overworked,  and  contracted  nearly  50  per  cent,  in 
area.  They  were  excellent  bar-iron,  but  not  as  valuable  for  cable  as 
they  would  have  been  with  less  work,  the  welds  not  proving  reliable. 

CRYSTALLIZATION. 

The  question  as  to  whether  crystallization  can  be  produced  in  iron 
by  stress,  or  by  repetition  of  stress  with  alternations  of  rest,  or  by  vibra- 
tion, has  been  very  much  discussed^  and  very  opposite  views  are  enter- 
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tained  by  experts :  therefore  it  was  considered  that  any  data  which 
might  be  gathered  duiing  our  tests,  bearing  upon  this  point,  would 
possess  a  yahie. 

We  have  met  with  but  one  unmistakable  instance  of  crystallization 
which  was  probably  produced  by  alternations  of  severe  stress,  sudden 
strains,  recoils,  and  rest. 

The  cx)nne<;ting-rod  of  the  chain-i)rover  was  five  inches  in  diameter, 
had  been  in  use  for  forty  years,  and  had,  during  this  period,  l>een  fire- 
quently  subjected  to  stress  up  to  250,000  pounds,  with  recoils  produced 
by  rupture  of  test-pieces. 

It  was  carefully  made  in  the  anchor-shop,  being  hammered  from  the 
best  quality  of  wrought-iron  scrap  ;  it  is  not  probable  that  any  section 
of  it,  if  broken  when  first  made,  would  have  displayed  crj'stiiUine  struc- 
ture, but  while  we  were  testing,  it  parted  one  day  at  less  than  200,000 
pounds  stress,  and  the  surface  of  the  fractured  ends  showed  well-defined 
crystallization,  the  facets  being  large  and  bright  as  mica;  the  ends 
having  become  injured  by  nist,  the  bar  was  again  broken  by  impact  at 
a  i>oint  distant  over  a  foot  from  the  first  fracture,  and  the  same  api)ear- 
ance  was  found  which  is  shown  in  the  illustration,  Plate  V^  Fig.  1, 
the  original  of  which  is  now  in  the  cabinet  of  the  Stevens  Institute. 

A  second  case,  not  so  marked,  occurred  as  rei)resented  in  Fig.  2,  same 
plate,  the  article  being  a  fractured  shackle. 

IMPACT    TESTS. 

The  records  of  tests  by  imj^act  begin  with  the  history  of  an  exami- 
nation made  ujion  the  contract  chain-iron  in  store,  made  by  the  chair- 
man of  these  ccmimittees,  acting  under  the  instructions  of  the  Navy  De- 
partment, with  the  object  of  ascertaining  the  character  of  the  iron  on 
hand,  and  the  eflfect  upon  such  as  was  found  unsuitable  for  cables,  of 
thorough  reworking. 

This  iron  was  stowed  in  piles  classified  by  diameters.  Most  of 
it  had  been  received  during  the  war  from  such  contractors  as  had 
bid  lowest,  and  its  origin  beyond  tlus  i^oint  was  unkno\^^l ;  its  general 
character,  as  found  by  this  examination,  was  worthless  in  its  present 
state.  The  results  of  the  experiments  in  re-working,  and  in  combining 
it  with  scrap-iron  of  8ui)erior  quality  were  sucli,  that  the  iron  produced 
was  pronounced  by  the  Chief  of  the  Bureau  of  Steam- Engineering  as 
"  at  least  equal,  if  not  sux)erior,  to  the  best  commercial  iron,  at  less 
cost." 

The  department  at  this  date,  needing  a  2"  cable  for  a  frigate,  and 
being  con\dnced  that  the  stock  of  chain-iron  of  this  size  was  unreliable, 
authorized  the  construction,  imder  the  sui)er\ision  of  the  chairman  of 
these  committees,  of  the  required  cable  from  the  condemned  material  of 
hand.  This  was  accomplished,  and  the  daily  tests  of  the  blooms  from 
which  the  bars  for  this  cable  were  roUed  is  given  under  the  head  on 
"hammered  iron". 

From  tliese  hammered  blooms  the  requiied  2"  bars  were  rolled  in  the 
copper-mill  by  green  hands,  and  their  record  is  given  a«  that  of  "  iron 
A,"  no  bar  was  permitted  to  enter  into  this  cable  which  had  broken 
at  less  than  three  3,000  foo^pound  blows.  The  fag  ends  and  rejected 
bars  were  rolled  down  to  smaller  sizes  and  tested  as  such,  there  bein^ 
348  tests  by  impact  made  upon  this  iron,  which  are  recorded,  besides 
many  experiments  not  recorded  or  preserved.  The  remainder  of  tlie 
ests  by  impact  have  been  made  on  such  bars  as  we  have  procured, 
nd  had  already  tested  by  tension. 


PLATE  V. 


CRVSTALLTZATIOS. 
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To  estimate  the  energy  of  blow  delivered  by  the  impact-hammer,  we 
use  the  following  formula: 

®=   27' 
in  which — 

w  =  weight  of  hammer  in  pounds ; 

V  =  its  velocity  in  feet; 

g  =s  gravity  (at  Washington,  32.153) ; 

E  =  energy  in  foot-pounds. 

The  formula  is  derived  from  the  expression 

as  follows : 
Multiply  both  sides  by  ^,  and 

or 

2gh=     ft\ 

or 


^/2gh^gtJ 
which  is  experimentally  found  to  equal  v]  hence — 


t?» 


The  energy  of  any  number  of  pounds  w  falling,  is 

as  giv^en  above. 
To  obtain  the  numerical  value  of  v,  let 
h  =  height  in  feet  to  which  the  weight  is  raised; 
g  =  (at  Washington)  32.153. 
From  the  formula — 

h^ig  t% 

deduce  as  before —  

y/'2,gh=zgt:=zv] 
or,  for  a  height  of  30  feet,  since 

2  ^  ^  =  i?*, 
we  have— 

2  X  32.153  X  30  =  t?*, 

or . 

V  =  Vl'^>2l).1800  =  43.92, 

or  velocity  of  hammer  at  instant  of  striking  when  dropped  30  feet  (the 
friction  not  being  estimated). 

The  energy  is  derived  from  the  formula, 

2<7 
and  is — 

^>9^^  X  1^  =  ^^^^'^^  X  l^Q  =  I-???:!?  =  3,000  foot-pounds. 
32.153  X  2  32.153  x  2  G4.3  '  t  i^u     tio 

Although,  for  purposes  of  comparison,  we  have  assumed  that  the 
energy  of  each  blow  was  equal  to  the  height  of  drop  multiplied  by  the 
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weight  of  the  hammer,  yet  we  cannot  assume  that  this  actually  repre- 
sented the  dynamical  effect  of  the  different  blows,  which  varied  with  the 
friction,  and  with  the  degree  of  resistance  with  unchanged  form,  of  the 
various  bars  tested.  Still  the  results  obtained  by  it  have  a  value,  in 
that,  although  they  did  not  indicate  tlie  exact  amount  of  power  to  re- 
sist shocks,  they  showed  very  i)lainly  that  certain  irons  possessed  this 
power  to  a  far  greater  extent  than  others,  and  enabled  us  to  judge  with 
considerable  certainty  that  certain  results  prociu^d  by  tension-te^sts 
would  indicate  that  the  bar  tested,  would  or  would  not  be  valuable  when 
subjected  to  sudden  strains. 

SYMBOLS  USED  IN  TABLES. 

The  symbols  by  which,  in  the  tabulated  results,  the  effect  of  the  blows 
are  described  signify  as  follows: 

'^  V  ".  that  a  line,  silvery  line  has  become  visible  on  the  lower  part  of 
the  score,  indicating  an  approach  to 

"  S.  C.,  a  slight  crack,  in  which  a  needle-point  could  be  inserted,  and 

"  C.,  a  crack  wide  and  deep  enough  to  insert  the  edge  of  a  knife. 

"  + '',  an  increase  of  the  opening,  but  not  enough  to  teim 

"B.  C".,  a  bad  crack. 

"  F.  or  T.  B ",  a  fracture  in  which  the  ends  are  torn  apart,  leaving 
long,  jagged  splinters.     (See  Plate  XIII,  Fig.  1.  P.) 

"  i  F  ".  an  incomplete  fmctiu-e  of  the  same  nature,  the  ends  still  re- 
maining connected.    See  Plate  IV,  IX,  and  XII.) 

"  D  ",  a  short,  square  break,  Tvith  little  or  no  deflection,  the  fracturecl 
surfaces  showing  smooth,  as  though  cut  in  two.  (See  Plates  III,  VI,  X, 
and  XIII. 

"  Closed  to  hammer",  the  test-piece  is  bent  to  from  llOo  to  120o,  and. 
in  contact  with  the  face  of  the  wedge  of  the  hammer.  (See  Plates  rv 
and  XIL) 

"  Closed  down  ",  the  piece  has  been  still  further  closed  under  the  st^ani- 
hammer,  until  the  sides  are  in  contact  the  whole  length.  (See  Plates 
VIL  VIII,  and  XI.) 

Tne  deflection  is  in  degrees,  from  horizontal. 
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Each  of  these  bolts  was  87^'  long, 
and  was  scored  in  three  places, 
so  that  each  cousecntive  three 
tests  are  upon  the  same*  link. 
There  were  two  varieties  of  iron 
discovered  in  the  nine  pieces 
tested — one  coarse  and  brittle, 
the  breaks  of  which  are  marked 
3 ;  the  other  a  fair,  flbroas,  toufch 
iron;  the  former  predominated. 
In  those  links  which  stood  fairly, 
it  will  be  noticed  that  in  each 
cose  the  first  score  withstood  the 
jrreatest  blow,  showinfc  either 
that  the  other  scores  were  affected 
by  the  previous  shocks  sustained, 
or  that  the  greater  mass  of  iron 
in  the  piece  before  the  loss  of  a 
portion  enabled  it  to  absorb  more 
of  the  force  of  the  blow. 
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Each  of  the  2  A"  bolts  was  264"  long, 
and  was  scored  in  three  places, 
so  that  each  three  cousecntive 
tests  are  npon  the  same  bar.  In 
addition  to  the  tests  recorded 
upon  this  sise,  there  were  prob- 
ably  a  hundred  pieces  broken 
at  various  times  with  results  no 
better  than  those  recorded. 
Among  these  tests  were  a  nam« 
ber  where  the  bar  was  struck  a 
number  of  light  blows  of  trova. 
75  to  150  foot-pounds  in  rapid  sue- 

200|  Q I ', !      cession,  and  although  apparently 

uninjured  by  any  blow  short  of 
the  fracture,  it  was  eventually 
broken  square  in  two,  by  a  blow 
of  DO  greater  force.  Bars  not 
scored  were  broken  by  blows  of, 
in  one  case  oiie,  in  another  fwo, 
and  in  others;!  p«,  3,000  foot.poundi, 
and  one  bar  by  eight  blows  ox 
1,700  footpounds  each,  in  all 
cases  apparentl.y  aninjnred  until 
the  last  ulow.  This  lot  was  se- 
lected for  experiments  in  rework* 
ing  and  mixing.  The  results  of 
thoroagh    rework    and    mixing 
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with  old  boiler-iron  are  shown  in 
the  llIustrationH  of  fraotnre  by 
itupaot,  Plate  VI,  and  by  ten> 
sion,  Plate  I,  the  specimens  pho- 
toKrapbed  being  famished  by 
this  lot.  In  the  tests  of  the  rec- 
ord Nos.  35, 38. 43,  and  44  showed 
>  no  iqjary  by  the  first  blow. 

1,000  C.     1,990   O     Each  of  the  Si"  boita   was  9S^' 

lonjr,  and  was  scored  in  three 

plaoea,  each  successive  record  of 
three  tests  beinn^  from  the  same 
link,  and  the  phenomena  of  the 
weakening  of  tne  bar  at  the  point 
not  yet  struck,  by  the  provious 
blows  on  a<\JaGent  scores,  is  plain- 
ly marked.  A  number  or  the 
bolts  tested  showed  that  in  the 
lot  thero  was  fair  iron,  but  the 
presence  of  ot  her  pieoes  of  coarse, 

1,S00  C.     1,200,  F  ; granulons,  brittle  iron  rendered 

.••' I  — ,      the  entire  lot  unsafe. 
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Sach  of  the  2"  bolts  tested  was 
24"  long,  scored  in  three  places, 
each  successive  record  of  throe 
tests  being  from  same  bolt.  In 
testing  one  of  the  bars,  the  blow 
which  was  withstood  by  the  score 
struck  broke  in  two 'the  score 
several  inches  fh>ro  it. 

This  lot  of  iron  was  so  Uioronghlv 
worthless  that  it  was  condemned, 
and  to  supply  its  place  in  the 
mannfacturo  of  a  cable  needed 
for  the  United  States  frigate  Ten- 
nessee the  experimental  cable 
was  produced,  and  its  record 
compared  with  this  of  the  2" 
iron  on  hand  presents  a  great 
contrast 

Some  experiments  were  made  in 
reworking  this  lot  and  In  mixing 
it  with  old  boiler-iron. 

In  one  case  a  bloom  was  hammered 
from  a  pile  which  consisted  of 
four  layers  of  the  S-inoh,  thor- 
oughly reworked  and  flattened, 
and  three  layers  of  hoop-iron  on 
hand;  the  bloom  was  swaged  into 
test  pieces  2^'  in  diameter  and 
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24"  long,  juid  WAB  aoored  in  two 
places  and  tested  by  imjpaot,  with 
the  following  results,  viz:  First 
piece,  first  iicore,  broke  half  in 
two  at  third  3,000  foot-ponnds 
blow;  second  score,  broke  en- 
tirely in  two  at  fifth  2, 500  foot- 
pounds blow ;  second  piece,  first 
score,  broke  iu  two  at  fourth 
3,000  foot-pounds  blow;  second 
score,  broke  in  two  at  third 
3,000  foot-ponnds  blow ;  all  show- 
ing fibrous,  tearing  frnctnres. 
Another  bloom  made  in  the  same 
way,  except  that  some  Swedish 
iron  on  hand  was  substituted  f6r 
the  hoop-iron,  broke  readily  at 
light  blows. 
Each  1^1"  bolt  was  23^"  long  and 
scored  in  three  places,  each  suc- 
cessive record  or  three  tests  be- 
ing from  the  same  bolt.  The 
entire  lot  was  a  coarse,  grana- 
Ions,  brittle  iron,  and  was  con- 
demned. 


Each  of  the  1\"  bolts  was  22^" 
long,  scored  in  three  places,  each 
successive  record  of  three  tests 
l>eing  ftom  the  same  bolt.  This 
lot  of  iron  was  coarse,  granu- 
lous,  and  resembled  very  much 
an  inferior  cast  iron,  being  full 
of  seams  and  airholes.  It  was 
condemned  as  worthless. 
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with  old  boiler-iron  are  shown  in 
the  illustrations  of  fhiotnre  by 
impact,  Plate  VI,  and  by  ten- 
sion,  Plate  I.  thn  specimens  pho- 
tographed being  furnished  by 
this  lot.  In  the  tests  of  the  rec- 
ord Nos.  35, 38, 43,  and  44  showed 
no  injury  by  the  first  blow. 
1,890   D     Each  of  the  9i"  bolts   was  85|'' 

I  ...       lon^,  and  was  scored  in  three 

places,  each  successive  record  of 
three  tests  beinn^  from  the  same 
link,  and  the  phenomena  of  the 
weakening  of  tne  bar  at  the  point 
not  jet  strnck,  by  the  previous 
blows  on  acUaoeut  scores,  is  plain- 
ly  marked.  A  number  of  the 
bolts  tested  showed  that  in  the 
lot  there  was  fair  iron,  but  the 
I  I  presence  of  oi  her  pieces  of  coarse, 

l.aOOj  F    I...  I      granulnns,  brittle  iron  rendered 

the  entire  lot  unsafe. 
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Bach  of  the  8"  bolts  tested 
84"  long,  scored  in  three  placea, 
each  successive  record  of  throe 
tests  being  from  same  bolt.  In 
testing  one  of  the  bars,  the  blow 
which  was  withstood  by  the  score 
struck  broke  in  two  the  score 
several  inches  ftt>ra  it. 

This  lot  of  iron  was  so  thoronghlv 
worthless  that  it  was  condemned, 
and  to  snpply  lt«  place  in  the 
manufacture  of  a  cable  needed 
for  the  United  SUtes  frigate  Ten- 
nesaee  the  experimental  cable 
was  produced,  and  its  record 
compared  with  this  of  the  8" 
iron  on  hand  presents  a  great 
contrast 

Some  experiments  were  made  in 
reworking  this  lot  and  in  mixing 
it  with  old  boiler-iron. 

In  one  case  a  bloom  was  hammered 
from  a  pile  which  consisted  of 
four  layers  of  the  d-inch.  thor- 
onghly  reworked  and  flattened, 
and  three  layers  of  hoop-iron  on 
hand;  thebloom  was  swaged  into 
test  pieces  8^'  in  diameter  and 
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24"  long,  and  was  scored  in  two 
places  and  tested  by  impact,  with 
the  following  results,  viz:  First 
piece,  first  Hcore,  broke  half  in 
two  at  third  3,000  foot-pounds 
blow;  second  score,  broke  en- 
tirely in  two  at  fifth  2, 500  foot- 
ponnds  blow ;  second  piece,  first 
score,  broke  in  two  at  fourth 
3,000  foot-pounds  blow;  second 
score,  broke  in  two  at  third 
3,000  foot-pounds  blow ;  all  show- 
ing fibrous,  tearing  fractures. 
Auother  bloom  made  in  the  same 
way,  except  that  some  Swedish 
iron  on  hand  was  substituted  for 
the  hoop-iron,  broke  readily  at 
light  blows. 
Bach  lit"  bolt  was  23i"  long  and 
scored  in  three  places,  each  suc- 
cessive record  ot  three  tests  be- 
ing from  the  same  bolt.  The 
entire  lot  was  a  coarse,  granu- 
loos,  brittle  iron,  and  was  con- 
demned. 


Each  of  the  If"  bolts  was  SO^' 
long,  scored  in  three  places,  each 
successive  record  of  three  tests 
being  from  the  same  bolt.  This 
lot  of  iron  was  coarse,  grann- 
lous,  and  resembled  very  much 
an  inferior  cast  iron,  being  AiU 
of  seams  and  air-holes.  It  was 
condemned  as  worthless. 
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than  830,000  pounds. 
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The  1|''  bolts  were  each  81"  long, 
and  were  scored  in  three  placea, 
each  successive  record  of  thi^e 
teats  being  from  the  same  oolt. 
The  entire  lot  was  of  poor  qnal' 
ity;  tested  by  tension,  one  piece 
showed  51,000  pouads  per  sqaare 
inch  ;  tested  as  cable,  three  linka 
broke  at  137,500,  137,000,  and 
191,000  pounds.  A  single  link  of 
this  size  should  anstain  over 
390,000  pounds. 
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Porc«  and  effect  of  blows. 


Bemarlu. 


Each  bolt  of  tbe  1  A"  wm  81''  longr. 
was  scored  in  tliree  plares,  and 
each  sacoeesire  recora  of  tbree 
tests  is  from  the  same  bolt.  This 
iron  was  coarse  granalons ;  it  was 
so  maoh  improved  by  working 
that  it  was  nsed  largely  iu  the 
manofactore  of  tbe  experimen- 
tal cable.  The  tensile  strength 
as  given  by  two  tests  was  56,000 
pounds  per  square  inch.  As 
chain  links,  six  were  broken  as 
follows,  viz :  at  170,000,  189,000, 
185,000,  123,000,  147,000,  and 
150,000  pounds.  A  &ir  strength 
of  link  for  this  sise  is  165,000 
pounds.  By  simply  reworking 
thoroughly,  a  swaged  bar  8"  in 
diameter  stood  six  blows  of  1,700 
foot-pounds  each,  and  another 
eight  blows  of  900  foot-pounds 
each. 


The  1^''  bolts  were  17^''  long, 
and  were  scored  in  two  places; 
each  successive  record  of  two 
tests  are  from  the  same  bolt. 
The  power  of  this  lot  of  iron  to 
resist  shocks  was  below  our  facil- 
ities for  finding  out,  a  blow  of  75 
foot-pounds  breaking  it  as  com- 

Sletely  as  one  of  300,  the  highest 
elivered ;  a  glass  bar  of  the  size 
could  hardly  nave  yielded  more 
readily. 
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The  lA"  bolts  were  e^h  15f' 
lonfc ;  were  scored  in  two  plaoae, 
each  saooessiTe  record  of  two 
tests  being  from  the  same  b«dt. 
There  were  evidently  at  least  two 
▼arintiee  of  iron  in  the  pile— one 
a  fairlv-tongh,  well-worked  iron, 
the  other  coarse,  granolons. 


Each  U"  bolt  was  15"'  lone  and 
scored  in  two  plaoes.  The  iron 
was  generally  of  a  fair  auali^, 
although  there  were  eTidentiy 
differences  in  the  pile.  This  lot 
was  not  condemned. 
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The  l^"  boltA  were  14i"  long  and 
were  scored  in  two  places.  The 
iron  wae  generally  bright  grana* 
loas,  not  oDoagh  worked. 


The  li"  bolts  were  134"  long 
and  were  scored  in  two 
places.  Each  successive  record 
of  two  tests  were  of  the  same 
bolt.  This  lot  wss  of  flue  dose 
fibre  and  broke  generally  with  a 
ragged  fracture.  Its  record  was 
considered  fxir  on  many  links, 
but  there  was  evidently  a  mix- 
ture of  some  verv  brittle  iron  in 
the  lot.  The  links  marked  F. 
were  not  broken  entirely  in  two, 
but  were  deflected  to  the  angle 
of  the  hammer,  viz,  OO^'. 


Each  bolt  of  1.^"  had  bnt  one 
score.  This  lot  wa^  generally 
coarse,  and  had  received  but  lit- 
tle work.  An  occasional  piece 
showed  superior  qualities,  but  it 
was  evidently,as  a  lot,  cheap  iron. 
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Record  of  tests  by  impact  of  fag-ends  of  2-inch  bars,  rolled  down  to  li  inch. 

IRON  A. 


Mrat  blow. 
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First  blow. 
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5  a 
*.2 

5 

«§ 

^^ 

Remarks. 

1^ 

.a 

t?l 

Remarks. 

ll 

gc 
'^£ 

'•5 

• 

is. 
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-2s 
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5d. 
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Scored. 

Scon 

'      /» 

u 

1 

3,000 

D 

Slightly  fire  cracked. 

44 

u 

3,000 

D 

Rp.ipcted;  steely. 

S 

3,000 

V. 

Good. 

45 

u 

3, «K)0 

S.C. 

All  ;:niy. 

3 

3,000 

V. 

Do. 

46 

li 

3,000 

G 

Fiiu\  .siooly;  rejected. 

4 

3.000 

Do. 

47 

u 

3.000 

B.C. 

End  haugiiig. 

5 

3,000 

s."c.* 

Slight  fire  cracks. 

4d 

u 

3,000 

B.C. 

Srrew. 

6 

3,000 

S.C. 

Do. 

49 

li 

3,000 

n 

Fine,  steely. 

7      U 

3.000 

c. 

Very  good. 

50 

li 

3,000 

V. 

Slight  tire  cracks. 

^  li 

3,000 

c. 

'  51 

U 

3,000 

S.C. 

Fire  cracked  slightly. 

9-    l| 
10      l| 

3,000 

c. 

Very  alight  fire  cracks. 

5'2 

li 

3,  ()(K) 

B.C. 

All  gray  fiber. 

3,000 

F. 

90  per  cent.  gray. 

;  S3 

li 

3.000 

B.  C. 

Do. 

HI    14 
12  •  U 

3.000 

V. 

i  54 

li 

3,000 

D 

.'•O  T>er  cent,  bright. 
Al   gniy;  very  dark. 

3,000 

V. 

Slight  fire  cracks. 

55 

li 

3,  000 

U 

13      li 

3,000 

Half  in  two*,  gray  fiber. 

,  56 

li 

3,000 

C. 

Al   gray ;  good  piece. 

Ml    '- 

3,000 

"a" 

Fine,  steely. 

'  57 

U 

3,000 

c. 

All  gray. 
Do. 

15'    U 

3,000 

V. 

Good. 

58 

li 

3,0(X) 

S.C. 

">    li 

3.000 

ac. 

Do. 

59 

li 

3. 000 

TT.-ilf  in  two;  long  fiber. 

1:    n 

3,000 

S.C. 

Do. 

CO 

li 

3,  000 

"d" 

Dull  gray ;  rejecte<l. 

1«;    1; 

3,000 

S.C. 

Do. 

61 

li 

3,  (100 

D 

50  por  cent,  bright. 

3,000 

S.C. 

Do. 

ii-2 

li 

3,  000 

V. 

Slijrht  fire  cracks. 

»l    1; 

3,000 

G 

Short,  bright  steely. 

63 

li 

3,  000 

F.  . 

End  hsngiiig. 

21      li 

3,000 

S.C. 

Gra?  fiber. 

64 

li 

3,  (H)0 

RC. 

Gray  fiber. 

aa    ij 

3.000 

V. 

Slight  fire  cracks. 

65 

li 

.3.  (»00 

B.C. 

Gray  fiber;  end  hanging. 

S3      li 

3,000 

V. 

Gray  fiber. 

66 

li 

3,  mjo 

S.  c 

Lhii'g  tiber. 

S    'i 

3.000 

s.  c. 

Do. 

67 

li 

3,  (MKi 

F. 

Half  in  two;  long  fil>er. 

2    ^* 

3,000 

D 

50  p«.n  emit,  bright. 

68 

li 

3,000 

D 

98  per  cent,  gray  fiber; 

S    'i 

3,000 

V. 

Very  good. 

short. 

2    ^* 

3.000 

B.C. 

All  gray. 

,  69 

li 

3,000 



C. 

90   per  cent,  gray  fiber; 

»     u 

3,000 

D 

W  -^T  cfnt.  bright. 

Kluirt. 

»   u 

3,000 

F. 

98  per  cent.  gray.               i 

70 

li 

3,000 

D 

All  gray  fiber;  short. 

y  u 

3,000 

V. 

Good. 

71 

li 

.1,  000 

V. 

Lnii^  iUm.  r. 

31,    li 

3,000 

S.  C 

Do. 

7-2 

U 

3,  000 

c 

Fine,  biitrht  steoly. 

2  u 

3,  COO    S.C. 

Slight  fire  cracks. 

1  73 

li 

3,000 

115^ 

Thn»ad  chaHed  on  it ;  bent 

33.    U 

3,000 

D 

Fine,  steely. 

I 

double. 

34      ]| 

3,000 

V. 

Gray  fiber ;  good. 
Do. 

1  "^^ 

U 

3,000 

a 

Fine,  .steely. 

5      'i 

3,000 

V. 

'75 

li 

3,  000 

a 

Short  Ri  ay"  fiber. 

2     H 

3,000 

B.C. 

Do. 

7G 

li 

3,  000 

V. 

Fire  cracked. 

?    H 

3,000 

C. 

Do. 

1   '"^ 

li 

3,  000 

V. 

5    1* 

3.0OO 

C. 

Do. 

'  78 

li 

3,000 

V. 

5     ^i 

3,000 

C. 

Do. 

i  "9 

W 

3,000 

F. 

End  hanging. 

io     14 

3,000 

C. 

95  per  cent,  dull  gray. 

i-0 

3.  000 

B.C. 

Long  fiber. 

«     U 

3,000 

a 

Steely. 

1  81 

li 

3,000 

S.  C. 

2    ^ 

C      1: 

3,000 

T.B. 

Long  fiber. 

m 

u 

3,000 

V. 

Slight  Are  cracks. 

3,000 

T.B. 

83 

li 

3,000 

V. 

All  ot  these  testa  made  February  16.  1875. 

Temperature.  9.5^.  19.5^.  and  34^  at  7.35  a.  ra.,  noon,  and  4.3.^  p.  m. 

Noa,  48  and  73  were  before  being  tested  made  into  screws,  16  threads  to  the  inch,  see  Plate  VIII,  Fig.  1. 
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Record  of  tests  by  impact. 
IRON  B,  lyV'. 
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fi 

II 

1 

lA 

9 
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4 

lA 

5 



6 

7 

1/. 

8 



9 

l/e 

10 
11 



Force  and  effect  of  blowB. 


First. 

Second. 

Third. 

^ 

'^  . 

^ 

13     . 

^ 

■a  . 

U 

'2 

1- 

a  a 

"5 

i,4 

2 

Force, 
poun 

Effect 
deflec 

Force, 
poun 

Effect 
deliec 

1^ 

Effect 
defleo 

Fourth 


RemarlcB. 


Scored. 


1,300 
1,3001 
l,300l 

1,000 
1,300 
1,000, 

1,300 
900 

I 

i,aoo 

1,300' 


13 
V.  19 


C.  S4    1,  300 


1,300  S.C.  29 
1, 300'    C.  34 


D 
D 
D 


10 
19 

a 


1,  S.'SO  C.  34 


900 
1,200 


a 


700 
1,300 


1,350 


V.   21  I      900 
S.C.  35   1,300 


F.118  1. 


C.56 

D 


C.54 
C.56 


1,300 


1,000 


D 


I 


F.I15 


1, 300  4-  85 


1,400 


)  Kized,  fiber  and  nu- 
>  nlons;  aU  three  mn 
)     same  bar. 

f  Coarse  ffranoloos ;  sll 
I     three  from  same  bsr. 

and  fiber.   )   •»°»ebar. 


F.ll5i  Fiber. 

Grannlons 
and  fiber. 
Bo. 


All     from 
same  bar. 


The  broken  i)ieces  were  thoroughly  reworked  by  the  hammer,  swaged 
into  1^"  bars  and  annealed ;  tlien  S(X)red  and  retested,  as  follows :  First 
piece,  first  score,  cracked  at  fti\st  1,000-poiinds  blow,  broke  half  in  two 
at  second ;  second  score,  cracked  at  first  1,000-pounds  blow,  broke  half 
in  two  at  second.  Second  i)ieee,  first  score,  broke  half  in  two  on  third 
l.OOO-pounds  blow ;  second  score,  broke  half  in  two  on  fourth  l,000-poundj8 
blow^  and  the  iron  was  considered  to  be  improved  by  the  work. 

Record  of  t^ts  by  imptict — Continaed. 
IRON  C— Chain-likks  drlin'ebed. 
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Force  and  effect  of  blows. 
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Third. 
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9  B 
eS  C 


Remarks. 


Scored. 


U 

u 


1,700 

I 

'2,400 
3,000 


V.    1,700  C. 

,700  f 

C.   3,000  -1- 

n  3,  000     C.  3, 000  + 


II   1,300  C.   1,000     + 

It    1,500  j  V.  ,1,500     4- 

If   1,700  V.  Il,700  I  C. 

u  ,2,000  !  :]  I 

11    1,500  I  V.  1,500     C. 


1,700 

1,700 
1.000 


3,000  j  -f 

800  I  D 
1.200  ,  -f 


C.    1,700 
1,000 


U  .1,700  1  D 


1,700 

i.'soo' 


F. 

3 


1,000 


F. 

+ 


800 


Irref^ular  break ;  dark  fiber,  and 

coarse  ffranalons. 
Tearing  break ;  dark  open  fiber. 
At  2d  3,000  showed  a  peeling  off  of 

skin  (barking).  * 
Skin  or  outsine  peeled  off;  heart 

sound  (barking). 
Coarse,  bri^Eht  ffranalous. 
Outside  slabbed  off. 
Mixed  gi-annlons  and  flbrona. 
Coarse  granalons. 
Fine  granulous  mixed  with  dark 

fiber. 
Bright  grannlons. 


See  Plate  Xn,  Fig.  1. 
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Record  of  tests  hy  trnpacZ—Continned. 
IRON  C— ^'HAIN-LIKKS  DELivERKD— CoDtinned. 
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14  1. 
Ull. 
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I, 


F. 
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F. 
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Fine  sranaloaa. 

Do. 
Bright  xranaloas. 
Bright  granuloas  and  dark  fib«r. 

J)o. 

Do. 


1,300 


+  I  1,300  4- 1.500  +  1.500.  half  in  two.* 


*  See  Plate  IX,  Fig.  1. 

Record  of  tests  hy  impact, — Continaed. 
IRON  C— Bars  sknt  as  samples. 
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Third. 
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I 
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I 

1.000 
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1,000 

|l.90O 

1.300 
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1|  800 

l|  '    600 

U  1,200 

li  11,000 
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1 

1 
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+  37 
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F. 
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C.  36 
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D 
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a 



F. 

'  S.  C.  37 
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T.F. 
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S.C.  30  1,000 
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F. 

le  ;  IH  3,000  , 
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20      li     3. 000 
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60  3,000 
82  3,  000  ;     115 
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Bright  grannloas. 

Very  dark,  with  large  bright  graniio 

loiiH  flpots. 
Dark  fiber. 
Vory  dark,  with  large  bright  grana* 

Iou»  npota. 
Dark  fiber. 

Briglit,  coarse  grannlous. 
Vtir^'   dark,    with   bright  grannlooa 

Mpots. 
Tearing  break;  bright  fiber. 
Broken  half  in  two. 
Bright  granuloas. 

Do. 
Tearing  break ;  fibrous  iron. 
95  per  cent,  bright  granuloas.    Tem- 

{)eratnre,  4:P  F. 
1  bright  granulous. 
£ud  hanging ;  gray  liber. 

Do. 
Dark  fiber. 


Cloned  ander  steam-hammer;  no  in- 

.Uiry. 
Clofle<l  under  steam-hammer;  cracked 

inside. 
Closed  under  steam-hammer;  slight 

crack  inside. 
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Seoord  of  (eid  6jr  impact — Cootinned. 

IBON  D.— Second  lot. 


r..«i 

F,n.. 

1 

i!;i 

1| 

AU    hrlEfat,    miH 
End  huiglaV 

10 "l^'i  cent,  bright, 

.3S 

SOO 

+  68 

500T.B.I15 
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BO  per  CBnt.   brtghl 
graaiiloos. 

This  tot  baring  been  toflted  on  b  tbtt  cold  dar,  the  tompemtur«  dnrlnr  the  nlifbt  be1n|£ 
ud  the  ban  restiiie  at  tho  frwl  of  Ibolmpact  hsnimer  all  uiehi.  Id  probably  not  over  40^ 

bui  wblcU  ha)  beao'lcapCiD  a  teruperatiire of  alnoteo^  futil  houn  pravmua  to  imttng. 
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Section  Vll. 

A  PAPER  DESCRIBING  A  SERIES  OF  EXPERIMENTS  TO  DETERMINE 
FACTS  IN  REGARD  TO  THE  OPERATION  OF  THE  LAW  CALLED  THE 
ELEVATION  OF  THE  LIMIT  OF  STRESS. 

The  discovery  that  wrought  iron,  after  having  been  subjected  to  a 
steady  stress  up  to  the  point  of  its  ultimate  strength,  wouhl,  if  then 
released  from  stress  and  permitted  to  rest,  exi^erience  an  elevation  in 
both  its  elastic  and  tensile  limit,  was  ma^le  by  Prof.  Robert  H.  Thurston 
in  November,  1873,  and  by  the  chairmen  of  these  committees  a  short 
time  afterward  while  carrying  on  an  investigation  by  tension.  Pro- 
fessor Thurston  having  made  his  discovery  by  torsion  tests ;  the  discov- 
eries were  entirely  indei)endent,  neither  experimenter  having  any  knowl- 
edge of  the  other's  work. 

As  at  the  beginning  of  the  series  of  tests  incorporated  in  this  report, 
but  little  data  had  been  obtained  as  to  the  operation  of  this  new  law,  it 
was  thought  worth  while  to,  while  making  investigations  in  regard  to 
chain-iron,  utilize  at  slight  expense  many  of  the  test-pieces,  in  investi- 
gating its  action.  By  bringing  a  test-piece  to  the  tensile  limit  all  data 
as  to  its  strength  is  obtained ;  and  by  carrying  the  test  to  rupture,  we  gain 
simply  the  dimensions  after  nii)ture,  and  means  to  reduce  the  strength, 
&c.,  to  those  measurements. 

>Ve  therefore  release<l  a  number  of  test-pieces  from  stress  when  the 
tensile  limit  was  reached,  and,  i)reserving  them  for  various  periods, 
eventually  broke  them,  with. results  as  given  in  the  follOAviug  paper: 

ELEVATION  OF  THE  LIMIT  OF  STRESS. 

ExperimenU  Xos.  1  to  10. 

Twelve  test-pieces  which  had  been  strained  to  the  point  of  "  tensile 
limit"  while  testing  irons  C,  1),  and  K,  were  permitted  to  rest  free  from 
strain  for  from  twenty-four  to  thuty  hours,  then  broken  with  results  as 
follows: 

Xo.  1.  Iron  C,  2";  strength  se(»ond  day  over  that  at  first  test,  3,357 
pounds  per  square  inch,  or  6,6  per  cent. 

Xo.  2.  Iron  0,  IJ";  strength  second  day  over  that  at  first  test,  2,238 
pounds  per  square  inch,  or  4.4  per  cent. 

Xo.  3.  Iron  C,  IJ'';  strength  second  day  over  that  at  first  test,  7,506 
l)ound8  per  square  inch,  or  15.1  per  cent. 

Xo.  4.  Iron  C,  1^";  strength  second  day  over  that  at  first  test,  8,560 
l)ounds  per  square  inch,  or  17  per  cent. 

Xo.  5.  Iron^D,  2'' ;  strength  second  day  over  that  at  first  test,  952 
pounds  per  square  inch,  or  2  per  cent. 

Xo.  6.  Iron  D,  IJ";  strength  second  day  over  that  at  first  test,  7,354 
pounds  per  square  inch,  or  15.7  per  cent. 

Xo.  7.  Iron  D,  If;  strength  second  day  over  that  at  first  test,  7,773 
l)ounds  per  square  inch,  or  16.1  per  cent. 

Xo.  8.  Iron  I),  1§";  strength  second  day  over  that  at  first  test,  8,605 
l)oands  per  8qu<are  inch,  or  16.7  per  cent. 

Xo.  0.  Iron  D,  IJ'^;  strength  second  day  over  that  at  first  test,  6,904 
X)Ounds  per  square  inch,  or  14.1  i)er  cent. 

Xo.  10.  Iron  D,  IJ'^;  strength  second  day  over  that  at  first  test,  8,325 
pounds  per  square  inch,  or  16.3  per  cent. 
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!N^o.  11.  Iron  K,  1^";  strength  secoucl  day  over  that  at  first  test,  4,203 
pounds  per  square  inch,  or  8.2  i)er  cent. 

Xo.  12.  Iron  K,  1'';  strength  second  da}'  over  that  at  first  test,  5,040 
pounds  per  square  inch,  or  8.8  per  cent. 

Xos.  1  and  2  were  of  ordinary  coarse  chain-iron,  Xo.  5  of  a  remarkably 
brittle  bar  of  iron  D,  of  which  photograph  is  given  in  this  report 
(Plate  X). 

Kos.  11  and  12  were  of  a  fine,  strong  iron^  with  considerable  carbon, 
breaking  with  a  steel-like  fractiu^e;  the  remainder  were  all  from  tough, 
fibrous  iron.  The  indications  were  that  the  latter  t>i)e  of  iron  gaineil 
the  most  by  the  rest.  While  testing  the  foregoing  pieces  the  stress 
which  produced  the  first  perceptible  elongation  (about  .002  of  an  inch) 
w^as  observed,  and  on  the  first  ti\st  this  stress  was  from  CI  to  70,  averag- 
ing about  (y5  per  cent,  of  the  ultimate  strength.  Upon  testing  them  the 
second  time  the  stress  which  i)roduced  first  stretch  was  nearly  identical 
with  the  ultimate  sti^ength. 

At  the  inst^int  that  the  specimen  ceased  to  resist  an  increase  of  straia, 
the  reduction  of  area,  and  elongation  were  measured,  and  the  amount 
of  change  of  form  which  had  then  taken  place,  bore  the  following  ratios 
to  the  entire  change,  produced  by  tension  carried  to  ruptiu*e,  viz :  In 
reduction  of  area,  51  to  70,  averaging  59  i)er  cent.;  in  i)ercentage  of  elon- 
gation, 73  to  88,  averaging  79  per  cent. 

Second  experiment — Forty-two  test-pieces  of  iron  F,  which  was  of  re- 
markably uniform  structure,  were  after  ha^Tug  been  strained  to  "  ten- 
sile limit,''  allowed  to  rest  for  periods  varying  from  one  minute  to  six 
months^  when  they  were  retested  with  results  as  per  table. 

Having  begim  the  experiments  on  Friday,  and  not  being  able  to  ob- 
tain use  of  the  testing-machine  on  Saturday  or  Sunday,  there  occurred 
a  break  in  the  series,  during  which  time,  viz,  between  eight  hours  aii<l 
three  days,  it  was  found  that  the  full  eftect  of  the  operation  of  the  Law- 
had  taken  i)lace. 


Elevation  of  the  limit  of  Btreae, 

Experiments  NO0. 13  to  54.    Material,  iron  F.    Intervala  of  rest  after  strains,  varying  from  one  xninute 

to  six  moDths. 


// 


Strength  in  pounds  por 
bqiiare  inch. 


First  test.   Second  tost. 


50.825 

51,351 

48.eoy 

40,110 

49,  P77 

50.614 

49,  024 

49,637 

49,  865 
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49, 345 

49,  993 

49,358 

50,219 

49,  459 
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49,  484 

51, 546 
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51,561 
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51,  996 

50.257 
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50,  ora 

52,  572 

51,  536 

60,631 

49,  935 

58,  251 
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...do 

1  hour . . . . 
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...do 


Gain  in  strength. 


Pounds 
per  sq.  in 
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661 
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2,790 

2,629 
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7.  093 
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Pet  oentk 


Ratio  of  changes  of , 
form   at    tensile  1 
limit  to  that  at 
fracture. 


1 

0.6 
1.5 
1.3 
1.0 
1.3 
1.7 
3.8 
4.3 
4.3 
5.6 
5 
5 

17.6 
17 

12.5 
17.2 
17.8 
14.1 
16.2 


Boduct'n 
of  area. 


Per  cent. 
51 
44 
50 
46 
51 
56 
56 


50 
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53 
58 
49 
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52 
54 
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79 
80 
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Elevation  of  the  limit  ofetrees — Continued. 
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50 

51 

59 

53 

54 


CB 

o 

QQ 


// 

u 
u 

2 

n 

H 

u 

H 
H 

u 

1i 
1 

li 
li 

H 

U 
II 

u 

It 

«i 

3 


Strenirtli  in  ponnds  per 
square  liicb. 


Flrat  test 


49.438 
4S537 
4H,597 
48.f'53 
50,015 
50,474 
50,178 
50. 105 
49,  «7fi 
49.867 
51,198 
fiO,^')0 
49, 101 
4^819 
51,b38 
49, 144 
4H.  19-1 
49, 370 
49,350 
47,  871 
46.7(M 
47.655 


Second  test. 


57,991 
54,6S5 
57,  U4 
57, 44:J 
59,047 
59,H64 
5»<,314 
54,749 

59.  UM 
55,949 

60,  90i 
59,63A 
57, 877 

56,  8'-5 

57.  IH8 
58,188 

57.  40:< 
58,*-0 

58.  Ox'O 
58,976 
54,  4.*8 
57,250 


I: 

a 


Gain  in  strength. 


PonndH 
per  sq.  in. 


Percent. 


...do.... 

...  do 

— do.... 

8  days  . . . 

.  do... 

18  days . . 

..  do 

..  do.... 
25 days  .., 
42  days  . . 
6  moi.tfas 
...do.... 
— do.... 
..  do.... 
...do.... 
...do.... 

. .  do 

— do.... 
...do . ... 
...  do .  . . 

..  do 

...do .... 


8,553 
6.124 
8.527 

8.  rm 

9,0:i2 
9,390 
8.136 
4.5H4 
9..'i08 
6.0H2 
9.774 
9,(196 
8,776 
8. 0H6 
5,35U 
0.034 
8.611 
9,510 
8,770 
11.050 
7,  75« 
9,585 


1 
2 
I 


17.3 
12.6 
17.5 
17.6 
18 

18.6 
16.1 
9 
19. 
1-^. 
19. 
18 

17.8 
16.6 
10.3 
18.3 
17.2 
19.4 
17.7 
22.6 
16.6 
80 


Ratio  of  ohani;es  of 
form  at  t4»u8ile 
limit  to  that  at 
Iraotare. 


Rednot'n 
of  area. 


PtrcmiL 
51 
50 
61 
53 
51 
65 
66 
57 
56 
54 
57 
51 
52 
55 
47 
52 
49 
52 
53 
53 
51 
42 


Elonga* 
tiuu. 


Percent 
79 
67 
85 
70 
83 
83 
88 
94 
79 
93 
84 
80 
79 
79 
75 
78 
95 
78 
76 
83 
7S 
60 


a  . 

II 


S. 
K. 
M. 
M. 

M. 

& 

S. 

F. 

M. 

F. 

S. 

8. 

M. 

& 

S. 

S. 

F. 

S. 

S. 

S. 

s. 
s. 


Abstract  from  detail  of  tests. 


^  vera^e  f^ain  in  less  than  1  boar 

Avcrajse  ^ain  in  l<%ss  than  8  and  over  1  honr 

Arcraj^egain  in  3  days 

Average  jrain  in  8  days 

Average  giiin  in  over  8  and  less  than  43  days. 
Averagti  gain  iu  six  mouths 


1. 1  per  fcwit. 

3. 8  per  cent. 
16.2  percent 
17.  8  per  cent-. 
15.  3  per  ceut. 
17. 9  per  cent. 


(  5  tests) 
(  H tests) 
(10  te!4tM) 
(  2  tests) 

(    5  t4*Ht«) 

(12  tests) 
42  tests. 


JS^othin^  is  determined  positively  by  this  series  of  tests  as  rep^ards  the 
action  of  tliis  law  as  att'eetinj:^  the  duetility,  for  altliouf^h  the  iron  was 
I>robably  of  as  iinifonn  a  structure  as  it  is  ]>ossible  to  produce,  with  a  set 
of  bars  of  various  diameters,  yet  there  were  difference's  in  their  charac- 
teristics, as  found  by  various  tests,  which  would  i)robably  affect  some  of 
the  minor  results  in  this  series.  Judged  by  tlie  chanpfe  of  form  alone,  it 
would  seem  that  the  ductility  of  the  material  was  slightly  lessened  by 
the  rest,  and  perhaps  it  was. 

But  the  reduction  of  area  of  the  same  iron  as  shown 

By  23  test-pieces,  broken  by  a  single  continued  strain,  was .  47.5  per  cent. 

By   5  test-i)ieces,  broken  after  rests  of  1  to  3  minutes 48.5  per  cent. 

By  8  test-pieces,  broken  after  rests  of  1  to  8  hours 47.2  i)er  cent. 

By  12  test-i)ieccs,  broken  after  rests  of  3  to  8  days 44.5  })er  cent. 

By  17  test-pieces,  broken  after  rests  of  18  days  to  G  months .  43.1  per  cent. 

and  an  examination  of  the  records  of  those  broken  by  the  single  con- 
tinued strain  reveals  that  there  were  with  these,  variations  in  reduction 
of  area,  quite  as  great  as  those  which  in  this  stories  seem  to  indicate  that 
an  increase  of  the  periiKl  of  rest  lessen*  the  ductility. 

The  elongation  was  irregular ;  that  of  those  broken  at  first  stress  and 
of  those  after  six  months'  rest  coinciding  at  21)  per  cent.,  while  interme- 
diates varied  from  27.5  per  cent,  to  30  per  cent. 

Nos.  20  and  21  of  the  series  were  not  broken  upon  the  second  test, 
but  at  the  fall  of  the  lever  were  removed  from  the  machine,  and  rested 
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for  six  days,  when  they  were  broken ;  No.  20  reaehinp^  an  nitimate  stre/w 
of  55,809  pounds  per  square  inch,  a  total  jjain  of  12.8  i>er  cent.,  and  No. 
21  reaching  50,314  pounds,  a  gain  of  13.7  per  cent. 

Reduction  of  strength  beticeen  the  ultimate  reaehed^  and  breaking  points 

Nos.  18,  19,  20,  21,  22,  and  23  were,  after  reaching  the  tensile  limit^ 
on  the  second  test,  still  further  tested,  thus :  The  lever  having  fallen, 
weights  were  removed  until  a  balance  took  ]>lace,  which  balance  was 
niaintaine<l  by  removal  of  weights  while  the  crank  was  turned  without 
cessation  but  slowly,  and  the  specimens  finally  ruptured  at  strains 
considerably  less  than  the  original  strength,  thus : 


18. 
19. 
90. 
SI. 
83. 
83. 


a 


Total 


6t 


Pounda. 
4V,  345 
49,358 
49,  401 
49.206 
50,257 
50.313 


4J 
«   . 

OS 


Pmmdg. 
42. 952 
4:i,  049 
42.271 
42,364 
42.914 
43, 121 


L088. 


Poands. 


6,393 
6,309 
7,  130 
fi.842 
7.343 
7.192 

6.868 


Per 
cent. 


12.9 
12:9 
14.4 
13.9 
14.5 
14.  S 


13.8 


Percentage  of  change  of  form  at  tensile  limit ^  to  that  at  fracture. 

At  tensile  limit  the  average  reduction  of  area  which  had  taken  place, 
was  equal  to  53  per  cent,  of  that  at  rupture,  and  the  average  percentage 
of  elongation  was  80  i)er  cent. 

'  The  average  of  the  same  percentages  upon  the  twenty-three  pieoes 
broken  by  single  continued  strain  was,  of  reduction  of  area,  49  per  cent.^ 
of  elongation,  78  per  cent.;  from  which  averages  we  deduce  that  at  the 
instant  of  ceasing  to  resist  an  increase  of  stress,  the  reduction  of  area 
wluch  has  taken  place,  is  about  one-half  and  of  elongation  a  little  over 
three-quartent,  of  that  which  will  have  occrurred,  if  the  metal  be  further 
strained  to  rupture.  This  we  believe  will  not  i)rove  true  if  the  metal  is 
ruptured  by  a  sudden  strain,  by  the  action  of  which  the  fractured  dimen- 
sions will  nearly  coincide  with  those  which  would  have  existed  at  tensile 
limit  had  the  i)iece  been  broken  by  steady  strains;  this  was  indicat<Hl 
by  the  results  of  an  experiment  with  an  ai)paratus  which  we  devised,  l>y 
which  we  were  enabled  to  apply  sudden  strains  to  the  specimen. 

By  means  of  a  pair  of  spring  clamps,  a  holder  was  attached  to  tlie 
upper  and  lower  clamps  of  the  dynamometer,  and  the  stress  prodm*ed  l>y 
turning  the  crank,  or  some  indefinite  portion  of  it,  was  aecumulate<l  in 
the  legs  of  this  holder,  and  at  will  transferred  suddenly  to  the  speci- 
men. The  machine  was  imperfect,  its  use  involved  risk  of  injury  to  tlio 
dynamometer,  and  we  made  but  one  test  with  it,  which  was  as  follows: 

Comparison  of  effect  of  steady  and  sudden  strains  upon  change  of  form. 


Two  specimens  of  nearly  the  same  dimensions  were  turned  from  iron  E 
No.  1  having  diameter  .565",  length  2".27. 
No.  2  having  diameter  .565'',  length  2".25. 
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5To.  1  was  broken  by  steady  tension,  and  at  tensile  limit  its  diameter 
was  .498";  length,  2".80.  No.  2  was  broken  by  a  series  of  jerks,  and  its 
ruptured  dimensions  were,  diameter,  .49G'';  length,  2".87,  the  ruptured 
dimensions  of  'No.  1  being,  diameter,  .407";  length,  3".00. 

Ha\ing  for  the  reasons  assigned,  failed  to  procure  data  as  to  the  effect 
of  rest  after  strain,  for  periods  between  eight  hours,  and  three  days,  it 
was  resolved  to  fill  the  hiatus  with  a  series  made  upon  iron  D,  which 
resembled  iron  F,  except  in  possessing  somewhat  greater  tenacity  when 
tested  as  an  entire  bar. 

Seven  test-pieces  were  brought  to  tensile  limit  upon  one  day,  arid 
broken  after  twenty-four  hours  of  rest,  with  results  as  per  table  below : 

Experiments  Nos,  55  to  61. 


i 

S5 

StrenjKth  in  pounds  per 
square  loch. 

Crain  in  strength. 

1 

1 

1 

1 

4 

1 

1 

65 

In. 
3 
U 
li 
H 

11 

Pounds. 
46,664 
46. 6*24 
47,850 
51.  4:i5 
49,  758 
51,034 
50,334 

Pounds. 
53,550 
64, 019 
55. 793 
60,041 
56,639 
50,340 
57,539 

6.9526 
7,395 

7,  673 
8,606 
6,8^1 

8,  :)06 
7,205 

14.8 

66 

67 

58 

15.8 
16.0 
16.7 

59 

13.7 

60 

16.3 

61 

14.3 

Tlie  average  gain,  15.4  per  cent.,  is  but  slightly  below  that  of  the  pieces 
of  iron  F  rested  three  days  (16.2  per  cent.),  and  we  may  consider  that 
at  the  end  of  one  day  the  result  is  with  very  ductile  irons  practically 
accomplished. 

Comparison  of  elevation  of  limit  of  stress^  upon  irons  of  differing  character- 

istics. 

The  first  series  of  experiments  (Xos.  1  to  12),  gave  indications  that  the 
operation  of  the  law  was  less  felt  by  coarse  and  brittle  irons,  and  by 
those  of  a  steely  structure,  than  by  those  of  a  more  fibrous,  ductile 
texture.  This  was  considered  to  be  a  i)oint  worthy  of  careful  examina- 
tion, and  a  series  of  comparative  experiments  was  made  upon  test-pieces 
composed  of  the  three  varieties  of  iron.  Thirteen  pieces  were  prepared, 
five  of  which  were  of  soft  charcoal-bloom  boiler-iron^  five  of  coarse  con- 
tract chani-iron,  and  three  of  a  fine-grained  bar  of  iron  K,  a  very  pure 
iron  with  high  tenacity.  These  pieces  were  all  made  of  uniform  pro- 
portions, and  were  tested  to  tensile  limit  upon  the  same  day.  They 
were  then  allowed  to  rest  eighteen  hours  and  again  tested.  Some  were 
broken  at  tliis  second  test,  others  released  from  stress  at  tensile  limit 
and  further  tested  after  varying  periods  of  rest,  as  per  following  table, 
in  which  Kos.  62  to  GCy  were  of  the  boiler-iron,  67  to  71  of  the  contract 
d^ain,  and  72  to  74  of  iron  K. 
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EXPERIMENTS  Nos.  03  to  74. 

Effect  of  uniform  rest  upon  irons  of  widely  different  character. 

Test-pieoes  rested  18  hoan. 


Namber  and  marks. 


€2,  boiler-iron 

63 

64 

65 

66 

67,  contract  chain 

68 

69 

70 

71  

7-2,  iron  K 

73 

74 


Ultimate  stren^^h. 


Pounds. 
48,600 
49,800 
49,800 
48,100 
48,150 
50,300 
50,250 
50,700 
49,600 
51,200 
58.800 
59,000 
56.400 


a 

a 


a 


Pounds. 
56,500 
57,000 
58.000 
54,400 
55,550 
54,000 
53,200 
55.300 
52.900 
52,800 
64,500 
6.^800 
60,600 


Gain  in  strength. 


0 

£ 


7.900 
7,200 
9,200 
6,300 
7,400 
3.800 
8,950 
4,600 
3,300 
1,600 
5,700 
6.800 
4,200 


4i 

d 

P4 


16.0 

16.4 

1&4 

13.1 

15.0 

7.5 

5.8 

9.0 

6.6 

3.2 

9.6 

11.5 

7.3 


Bemarks. 


Nnt  broken. 
Broken 1 

BrokIS:;:::::  Average.  15.e  per  cent. 

Broken J 

Broken ] 

Kot  broken ...  I 

Mot  broken. ..  >  A^verage,  6.4  per  cent 

Kot  broken...  | 

Not  broken...  J 

Broken i 

Broken >  Average,  9.4  per  cent. 

Broken j 


These  experiments  confirmed  the  opinion  already  formed,  and  indicate 
that  a  bridge,  cable,  or  other  structure  composed  of  iron  of  either  of  the 
latter  two  varieties  will  receive  comi)aratively  slight  benefit  from  tlie 
operation  of  this  law,  while  ductile,  fibrous  metal,  which  jyossesses  greater 
inherent  i^ower  to  resist  sudden  strains  than  does  the  iron  of  coarser 
nature,  although  the  latter  may  be  better  able  to  resist  steady  stress, 
gains  in  this  latter  jiower  to  a  greater  extent  by  the  effect  of  strains 
already  withstood. 


Supplemental  tests  of  N^os.  62,  68,  69,  70,  and  71  of  foregoing  test-pieces. 

Ko.  62,  after  having  been  strained  to  the  tensile  limit  the  second  time, 
was  released  from  stress  and  retested  after  one  yearns  rest,  w^hen  its  ulti- 
mate strength  was  found  to  be  59,500  pounds,  a  total  gain  of  22  i)er 
cent,  upon  the  original  strength. 

;No.  68  was  rested  for  7  hours,  41  hours,  and  24  hours,  and  after  each 
rest,  repulled  to  the  tensile  limit,  with  results  as  follows  (the  first  two 
tests  being  included  for  ready,  comparison) :  Strength,  first  sti*ain,  50,250 
pounds;  rested  18 hours,  strength  53,200 pounds;  rested  7 hours,  strengtli 
54,700 pounds;  rested  41  hours,  strength 54,500 pounds;  rested 24 hours, 
strength  54,000  pounds. 

ISo.  69.  First  strain,  strength  50,700  pounds;  rested  18  hours,  strength 
55,300  pounds;  rested  7  hours,  strength  53,150  pounds;  rested  41  houi's, 
strength  56,600  pounds;  rested  24  hours,  strength  54,000  i>ounds. 

No.  70.  First  strain,  strength  49,600  pounds;  rested  18  hours,  strength 
52,900  pounds;  rested  8  hours,  strength  51,000  iK)unds;  rested  16  hours, 
strength  54.800  pounds;  rested  24  hours,  strength  53,000  pounds. 

No.  71.  First  strain,  strength  51,200  pounds;  rested  18  hours,  strength 
52,800  pounds;  rested  8  hours,  strength  54,900 pounds;  rested  16  hours, 
strength  52,750  pounds;  rested  24  hours,  strength  51,750  pounds. 

The  four  pieces  w^ere  broken  at  the  strains  last  given. 


PLATE  VI. 
IMPACT  TKSTS 


TESTS   OP   METALS, 


229 


Experiments  with  two  sets  of  test-pieces,  one  set  cut  from  bars  in  their  nor- 
mal condition,  tlie  other  from  same  bars  after  the  latter  had  been  pulled 
asunder  by  tension. 

Nineteen  bars  of  various  irons  were  selected,  and  from  each  a  cylin- 
drical test-piece  was  i)repared5  the  bars  were  then  fitted  with  heads 
and  pulled  asunder  by  tension.  Another  set  of  cylinders  was  prepared 
1)3'  cutting  the  necessary  length  from  one  of  the  broken  ends,  about  six 
inches  from  the  point  of  rupture.  Both  sets  of  cylinders  were  tested, 
with  results  as  per  following  table,  showing  a  great  gain  in  strengtli  in 
all  cases  when  the  material  coiUd  be  classed  as  wrought  iron,  but  none 
when  it  was  steel.  Hence  we  infer  that  excess  of  carbon  deprives  iron 
of  the  power  to  gain  strength  through  the  action  of  this  law. 

EXPEBIMENTS  Nos.  75  to  96. 

Comparison  of  strength  of  two  sets  of  test-pieces,  the  first  of  which  teas  cut  from  "bars  in  their 
nxirmal  condition y  and  the  second  from  the  same  hare,  after  the  latter  had  been  jpulltd  in 
two. 


^ 

X 

• 
i4 

• 

•p4 

Stress  reqaired  to  break  the  test- 
pieces. 

strengtli  of  second 

set  over  first. 

o 
u 

2 

o 

N 

i 

0 

First  set. 
Pounds. 

Second  set. 
Pounds. 

Pounds. 

Per  cent. 

75 

K. 

53,530 

72,700 

19, 180 

35.8 

76 

1  i 

K. 

53,1<S0 

71,800 

17.  880 

33.1 

77 

1  I 

C. 

47,  875 

63.560 

15,685 

32.7 

'8 

J; 

C. 

48,600 

65,000 

16,400 

3.\7 

79 

n 

C. 

56,000 

73, 000 

17,000 

30.3 

eu 

>i 

C. 

52,  000 

67,  900 

15, 9(0 

3).  6 

fl 

1t^ 

C. 

45,800 

63.300 

17,500 

,    36 

w 

1  i 

B. 

51,900 

72, 01)0 

20,100 

38.7 

M 

1  i 

B. 

53,600 

68,700 

15. 100 

2a  1 

84 

J. 

50,350 

68,400 

18,050 

35.8 

f5 

11 

J. 

50.400 

67.  700 

17,300 

34.3 

86 

If 

F. 

50,180 

66,400 

16.220 

32.3 

87 

11 

F. 

50,400 

67,S00 

16,800 

33.3 

en 

ll 

£. 

50,080 

68.000 

17,920 

35w7 

89 

u 

£. 

50,100 

70, 100 

20,000 

39.9 

90 

n' 

L. 

58,390 

69,200 

10,810 

18.5 

91 

L. 

59.290 

67, 160 

7,870 

13.2 

92 

1^ 

L. 

75,233 

76,600 

93 

It 

L, 
L. 

84.800 
74, 600 

1 

94 

72,600 

1 

95 

1/. 

L. 

66,500 

96 

L. 

66,800 

73.900 

5,250 

7.9 

The  test-pieces  from  Nos.  75  to  89  inclusiye  were  made  from  ordinary 
commercial  bar-iron  of  various  degrees  of  ductiUty.  All  show  a  re- 
markably great  gain  in  strength,  caused  by  the  tension  upon  the  entire 
bars. 

The  interval  of  time  between  the  two  sets  of  tests  was  not  noted,  but 
it  was  several  days. 

Tliere  is  no  marked  difference  in  the  amount  of  elevation,  except  upon 
the  test-pieces  made  from  L,  which  was  a  weld-steel,  although  sent  to 
118  as  chain-iron.  With  this  metal  the  results  were  exceedingly  irregu- 
lar, and  it  was  thought  advisable  to  make  a  few  careful  tests  upon  it. 
Four  pieces  were  therefore  prepared  from  a  bar  of  |"  diameter,  which 
were  tested  to  the  tensile  limit,  then  rested  for  one  liour,  one  day,  one 
week,  and  one  month,  respectively,  when  they  were  retested  with  results 
as  follows: 
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Experiments  Nos,  97  to  100,  inclMtve.    Material^  ^* Iron**  Z,  (weld-steel,) 


Original 
dliueusions. 

Strength  Ml— 

m 

■ 

• 

^ 

^ 

X 

5 

9 

ra 

s 

1 

6« 

i 

Q 

In. 

Jn. 

Pounds. 

Poundt 

97 

.500 

2.)25 

59.078 

58.619 

98 

.500 

SL25 

5H,569 

57.  80.^ 

99 

.496 

2.2.'} 

59.000 

59,  Ka 

100 

.501 

2  95 

59,859 

61,694 

Gain  in 
strenittb. 


Period  of  rest 


'3 
S 
O 
O 

fi4 


One  hour —    459 

One  day  )—    764 

One  week    '+    653 

One  mouth '-i- 1,834 


u 


1 
3 


The  entire  series  of  tests  by  tension  iii)on  this  metal  indicates  such 
irregularity  in  its  strength  that  the  foregoing  tests  do  not  possess  a  pos- 
itive value,  but  they  indicate  that  there  is  a  great  difference  between  the 
a(;tion  of  weld-steel  and  even  steely  irons,  still  greater  between  it  and 
fibrous  iron  when  examined  in  reference  to  the  action  of  this  law.  We 
obtain  no  positive  evidence  that  any  increase  of  strength  is  caused  in 
steel,  by  rest  after  strain. 

MISCELLANEOUS  EXPERIMENTS. 

We  had  found  that  in  one  minute  of  rest  there  was  an  appreciable  gain; 
it  was  determined  to  ascertain  still  more  closely,  how  quickly  this  law 
would  begin  to  operate;  also  how  often  it  could  be  expected  to  act 
between  the  points  of  ultimate  strength  and  ruptui'e,  ho])ing  that  the  re- 
sults would  ftimish  data-  by  which  the  effect  of  repeated  alternations  of 
strains  and  rests  might  be  judged.  To  this  end  a  number  of  test- 
pieces  were  strained  to  tensile  limit,  the  weights  then  removed,  no 
addition  being  made  to  the  stress  until  a  balance  took  place,  the  dimen- 
sions were  measured  at  the  instant  of  balance  and  the  stress  at  balance 
recorded ;  the  strain  was  then  reapi)lied,  the  lever  first  rising  and  then 
falling.    The  operation  was  repeated,  with  results  a«  follows: 

EXPERIMENT  No.  1. 
Test-pieoe,  iron  L ;  t" ;  diameter,  .696" ;  length,  2".80. 


let  balance  .. 

l8t  elevation. 

8d    balance  . . 

8d  elevation. 

3fl    bn lance  .. 

liA  elevation. 

4ih  bnlance .. 

4th  elevation. 

Ath  balance  . . 

5th  elevation. 

6th  balance  .. 

6th  elevation. 

7th  balance  .. 

7th  elevation. 

Btb  balance  .. 

8th  el(«vation. 

9th  balance . . 

9th  elevation. 
Itith  balance  . . 
10th  elevation. 
1 1th  balance  . . 
11th  elevation. 


stress  at— 


§ 

> 

2 


Pound*. 
35,280 


25,2-J5 
25,030 


85,000 
24.'9S5 
84.635 


84,550 
84,' 435 
34,'256 
24,'366 
24.' 850 
84.146 


Poundt. 


84,400 


84, 630 


84, 475 


Dimensions. 


§ 

5 


In. 


.596 


.593 


.585 


84, 400     .  580 


Lost 


34,000 


84,000 


33,950 


83,850 


.570 


.566 


.564 


.560 


.555 


33,800 
83,756    '.'553 


5 


In. 

i'ai 

3.37 
i'875 

i"s8 

3.31 
3.318 

i'si' 

3.' 38.3 
3.33 


3.35 


13th  balance  .. 
l*2th  elevation. 
13th  balance  .. 
13th  elevation. 
14th  tmlaiice  .. 
14th  elevation 
I.Sth  b-ilance  .. 
15th  elevation. 
16th  balance  .. 
IHth  ell*  vat  ion. 
17 ih  balance  .. 
17th  elevation. 
18th  balance  .. 
iHth  elevation 
I9th  balance  .. 
19th  elevation. 
SOth  balance  . . 
80 1  h  elevation 
8lHt  balance  .. 
81  St  elevation. 
'i^iX  balance  . . 
Broke 


Stress  at—     !  Dimensions. 


3 

■ 

u 
9 


i 

3 

s 


Poundi  ,Pound$. 
83,700 


s 

a 


84,000 
83,'966' 


83,5e0 


83,840 
83,750 


83,450 


In. 
.548 


bft 

a 


In, 
SLSS 


.547     3.35 


.545  I 


83.350 


83,660 
'33,456 


83,350     .531     3.36 


83,050     .530  I 


83.180 
83.'o66 


88.900  I  .585  <  a  365 
8i'550  I  .'517*'  1*37' 


83,760 
33,666 
88,' 300 


38,375  .513 


88,135  .510 


I 


83,000  I  ..503 
.500 


TESTS   OF   METALS. 


231 


EXPERIMENT  No.  2. 
Test-piece,  iron  L ;  i";  dUineter,  .734" ;  length,  S".78. 


lut  balance  . . 
iMt  elevAtion. 
Sd  bfttance  . 
9il  elevation. 
3d  balance  . 
3d  elevation. 
4'  h  balance  . . 
4tb  elevation. 
5th  balance  . . 
5lh  elevation . 
6tb  balance  . . 
6tb  elevation. 
7ih  balance  . . 


Stress  at — 


2 


Poundu 
26,375 


26,300 
26,125 


25,950 
25,740 


25,525 
25,175 


a 


Pounds. 
25,  .525 
25.' 450 
25,' 300 
25,075 
25,666 
24,' 700 
2i466 


Dimensions. 


a 


In. 
.630 


624 
'612 


604 

506 

'596 

'580 


.a 

u 

n 

5 


In. 
3.18 


3.19 
3.'2i 


3.25 


7th  elf^vation. 

8th  balance  . . 

8th  elevation. 

9th  balance  . . 

9th  elevation. 
lOih  balance  .. 
10th  elevation, 
llth  balance  .. 
llih  elevation. 
12th  balance  .. 
12th  elevation. 
13th  balance  .. 
Broke 


Stress  at— 


^ 

s 
6 

> 

& 


Pounds. 
24,900 


24,620 


24,240 


23,860 


23,625 


23,250 


23,900 


8 


Pounds 
24,135 
23,750 
23,375 
23,100 
22.966 
22,550 


Dimensions. 


a 


In. 


.572 
.562 


555 
548 


540 
505 


.a 

2 


In. 


3.26 
i'26* 


3.32 


Ifit  balanoe  . . 
lai  elevation. 
Sd  balance  .. 
9d  elevation. 
3d  balance  . . 
3d  elevation. 
4f  h  balance  . . 
4th  elevation. 
5th  iMilanoe  . . 
5th  elevation. 


EXPERIMENT  No.  3. 
Test-piece,  iron  L;  f";  diameter,  .806";  length,  3". 


Stress  at — 


a 
.2 

■ 

u 

9 


Pounds. 
31,500 


31, 375 
3i,'336 


31,325 
3i."266' 
'31,' 126' 


a 

ee 


Pounds. 


30,850 
30,746 


30,675 
36,'656 
30,' 466 


Dimensions. 


6 


In. 


.699 
.696 


.692 
.685 
."679' 


.a 


In. 


3.73 


6th  balance . . 

6th  elevation 

7th  balance  . . 

7ih  elevation. 

Hh  balance  . . 

8th  elevation. 

9lh  balance  . . 

9th  elevation. 
10th  balance  .. 
1 0th  elevation 
Broke 


Stress  at — 


Pounds. 


30,960 
36,'8l6' 


30,625 
36,500 


30,350 
26,700 


i 

a 

OS 


Pounds. 
30,275 

36,050 


30.000 
26,966 
26,775 


Dimensions. 


9 

a 


In 
.670 

.665 


663 


656 
'S42 


a 


Tn. 
3.74 

Lost. 

3.' 76 


3.78 
'3.93 


EXPERIMENT  No.  4. 
Test-pieoe,  iron  K ;  diameter,  .976" ;  length,  3".08. 


Stress  at~ 

Dimensions 

Stress  at — 

Dimensions. 

1 

1 

a 
« 

9 

«« 
9 

4 

a 

2 

i 

2 

Balance. 

i 

9 

• 

Pounds. 
41,550 

4t.'566 

41,' 430 

41,' 356 

41,666 

Pounds 
'46,' 466* 

In. 

.'868 

In. 
*3."86 

5th  elevation 

6th  balance 

6th  elevation 

7th  balance 

Votinds. 
40.850 

46, 450 

Pounds. 

In. 

In. 

lut  balance 

Jut  elevation....... 

39.575 
39.456 

ftt\   balance ...... 

46,466 

9d   elevation 

7th  elevation 

8ih  balance 

40.000 

3d    balance 

40,200 

.'857 

3.89 

38, 575 

3d    elevation........ 

8th  elevation 

9th  balance 

Broke 

38,600 

34,s66 

4th  balance 

39,900 
39,700 

.8.50 

3.93 

35,200 

4th  elevation. ....... 

5th  balance 

.840 

3.95 
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EXPERIHENT  Ko.  5. 


Test-piece,  iron  F;  diameter,  .890'';  lenctb,  3".50. 


iHt 
iHt 

Sd 
3d 
3d 
3d 
4th 
4rh 
5th 
5th 
fith 
6th 
7th 
7th 
8th 
8th 
9th 
9th 
lOlh 
lOtb 
11th 
11th 


balance  .. 
elevation, 
balance  . . 
elevation, 
balance  . 
elevation, 
balance) . . 
elevation, 
balauoo  . . 
elevarion. 
balance  . . 
elevation, 
balance . . 
elt'VMtion. 
balance  . . 
elevation, 
balance  . . 
elevation, 
balance . . 
elevation'. 
bal.inoe  . . 
elevation 


Stress  at — 


Pounds 
32, 275 

32,250 


32, 175 
32,"i6o 


3-2,000 
32,050 


32.000 
3 1,' 820 


31,  750 
W,475 


31,375 
31,125 


8 


Dimensiona. 


o 

S 

«a 

Q 


Poundt 
3i,'566 
si,  450 


31,  470 
31,150 


31,150 
31,366 


31,100 
36,966 
36,856 


30,900 
36,766 


In. 

.'786 


.784 
'.775 


.772 
."767 


764 
760' 


756 
752 


740 


B 


In. 


4.26 


4.30 


4.32 


4.34 


12th  balance  .. 
12th  elevation. 
13th  balance  .. 
13ih  elevation. 
14th  balance  . . 
141  h  elevation. 
1 5th  balance  .. 
15<h  elevation. 
I6ih  balance  .. 
16th  el**vation. 
17th  balance  .. 
17th  elevation. 
18th  balance  .. 
IHth  elevation. 
IMth  balance  .. 
19tb  elevation 
20th  balance  . . 
'JOth  elevation. 
2 1  at  balance  . . 
2lat  elevation. 
2'M  balance .. 
Btoke 


Stress  at— 


1^ 


8 
S 


Poundi, 


31,000 
30,02.5 


30, 570 
36,366 


30.000 
29.846 


29,600 
29,325 


29,000 
28,766 
28,325 


Pounds. 
30,300 


30,300 
36,217 
29,550 
29,666 
26,460 
29,060 
29,060 
28,650 
28,456 
28.666 


Dimensions. 


© 

"5 

S 


In. 
.732 


.728 


714 


roo 


702 


697 


691 

686 

'678 


G7^ 
652 


a 


In. 
4.36 


4.47 


EXPSRIMEN'T  No.  6. 


Teat-piece,  iron  F;  diameter,  .897";  length,  3".50. 


1st  balanee  .. 

Ist  elevation. 

2d   balance  .. 

3d   elevation. 

3d   balance  .. 

3d    elevation 

4th  balance  . . 

4lh  elevation. 

5th  balance  .. 

5th  elevation. 

6th  balance  . . 

6th  elevation. 

7th  balance  . . 

7th  elevation. 

8th  balance  . . 

8th  elevation. 

9th  balance  .. 

0th  elevation. 
10th  balance  .. 
10th  elevation, 
llth  balance  .. 
11th  elevation. 
12th  balance  .. 


Stress  at —      iDimensions. 


Pounds 
38,560 


37,380 
37,"  650 


37,600 
37,656 


37,  640 
37,766 


37,  750 
37,776 


37,700 
37,586 
37.466 


u 


Pounds 


In. 


36,950 


37, 000 


37,000 


37, 025 


36, 800 


36,600 


p 

2 


In. 


37,225 

.786 

4.30 
...... 

■  1 

.....  - 1 

37,  000 

.785 

36,950 

.781 

4.32 

36,925 

36,  940  I  .  780 


37, 000     .  760 


.778 


.776 


.775 


.765 


.758 


.754 


4.36 


12th  elevation. 
l:{th  balance  .. 
13th  elevation. 
14th  balance  . 
14ih  elevation. 
1.5th  balance  .. 
1.5th  e'evaiion. 
1 6th  balarc«  .. 
16(h  elevation. 
I'tli  balance  .. 
17th  elevation. 
IFth  balance  .. 
18th  elevation. 
19th  balance  .. 
19th  elevation. 
20th  balance  . . 
30ih  elevation. 
2l8t  balance  . . 
21<-t  elevation. 
22d  balance  . . 
22<l  elevation. 
^U\  balance  . . 
23d  elevation 
Broke 


Stress  at— 


Dimensions. 


•J 


Pounds. 
37,200 


8 

•a 


Pounds. 


37,000 
36.740 


36,550 
36,375 


36,020 
35,' 856 


35,550 
35,'«56" 


35,000 
34,825 
34,575 


36,520 
36,235 


36,000 
35,966 


35,600 
35,'266 


35,000 
34.756 
34,'525 
34.256 
34.266 
33,'866 


9 

a 

00 


In. 


.750 
."746 


.741 
."■738 


.732 
.'■738 


.725 
.'726' 


.716 
.'7i3 


.710 
.'688 


a 

2 


In, 
'4.39 


4.40 


4.43 


4.45 
'4.' 46 


4.48 


The  lever  remained  at  a  steady  balance  at  37.225  pounds,  the  ^ield 
of  the  specimen  exactly  counterpoising  the  increase  of  the  strain,  which 
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was  produced  by  tlie  crank  bein^  turned  50  revolutions  per  minute 
for  nearly  four  minutes,  during  which  period  the  diameter  reduced  from 
.800''  to  .786",  and  the  length  increased  from  4".17  to  4".30. 

We  were  thus  furnished  with  valuable  conj&nnation  of  views  pre- 
viously expressed,  as  to  the  amount  of  entire  change  of  form  which 
has  taken  place  at  tensile  limit.  In  this  case  the  per(*entage  of  entire 
reduction  of  area  at  rui)ture,  which  had  occurred  at  beginning  of  balance, 
was  39  i)er  cent.,  at  end  48  per  cent.;  of  elongation  at  beginning  05  per 
cent.,  at  end  77  per  cent.  No.  6  experiment  was  upon  a  test-piece,  which 
had  been  strained  to  the  tensile  limit  two  months  previously;  at  that 
time  the  jfirst  stretch  took  place  at  a  stress  equal  to  37,880  pounds  i>er 
square  inch  and  the  strength  at  tensile  limit  was  51,946  pounds. 

Upon  this  second  test  the  tensile  sti*ength  was  01,022  pounds  per 
square  inch  and  the  stress  i)roducing  the  lirst  stretch  was  coincident 
with  the  ultimate  strength. 

The  description  in  detail  of  one  of  these  experiments  will  answer  for  all. 
Selecting,  therefore,  No.  1,  it  is  as  follows: 

At  a  stress  of  24,000  jwunds  the  lever's  movement  upward  had  become 
verv'  slow,  and  although  the  crank  was  turned  continuously,  it  required 
over  six  minutes  to  rise  to  25,275  i)ounds,  the  24,(M)0  jwiinds  liaving  been 
reached  in  about  eight  minutes.  From  25,275  to  25,280  ]>ound8  the  lever 
slowly  vibrated  over  five  miinites,  then  settled  to  rest,  the  latter  figure 
being  the  highest  point  reached,  equal  to  a  tenacity  of  66,426  pounds 
per  square  inch.  When  the  lever  fell,  the  stress  was  stoi)pe<l,  weights 
removed  until  the  scale  marked  24.400  pounds — a  removal  of  880  pounds, 
when  the  lever  rose  slowly  to  a  balance,  the  marks  coinciding.  At  this 
instant  the  measurements  (diameter  .596'',  length  3".24)  were  taken,  the 
operation  requiring  about  25  secx)nds;  strain  was  then  reapi>lied  and  the 
lever  instantly  rose  till  it  required  25,225  poimds,  an  addition  of  825 
pounds,  to  keep  the  balance,  it  then  sunk  rapidly.  This  o])eration  was 
repeated  twenty-two  times,  the  gain  in  strength  constantly  decreasing 
and  the  loss  increasing,  until  rupture  finally  took  place  at  22,300  jwunds; 
a  loss  of  nearly  3,000  pounds  on  the  origiuid  strength. 

Stress  required  to  produce  successive  changes  of  form. 

The  stress  which  produced  the  first  perceptible  elongation,  and  that 
which  increased  the  same  each  tenth  of  an  inch,  also  tlie  corresponding 
reduction  of  diameter,  was  observed,  and  are  showTi  in  the  followuig 
tables : 

No.  1.     Tenacityj  66j2i6  pounds, 

Strt'sa  of  44,000  lbs.  per  8q.  iiicli  produced  elongation  .01",  reduced  the  diameter  .016" 
Addition  of  12,f)00  lbs.  i)er  mi,  inch  produced  elongation  .10",  reduced  the  diameter  .015*2" 
Addition  of  7,r)00  llw.  per  wj.  inch  produced  elongation  .20",  reduced  the  diameter  .04^" 
Addition  of  1,700  lbs.  per  sq.  inch  produced  elongation  .30",  reduced  the  diameter  .OtH)" 
A«l<litio]i  of  300  Ibfl.  per  mi.  inch  pro<luced  elongation  .40",  reduced  the  diameter  .087" 
Addition  of        25  lbs.  x>er  sq.  inch  produced  elongation  .44",  reduced  the  diameter  .100" 

No.  2.    Tenacity,  GS,8S0  pounds. 

Strefls  of  40,500  lbs.  per  sq.  inch  produced  elongation  .02",  reduced  the  diameter  .002" 
Addition  of  14,540  lbs.  per  sq.  inch  ])rcMluced  elongation  .12",  reduced  the  diameter  .019" 
Addition  of  7,260  lbs.  per  sq.  inch  produced  elongation  .22",  reduced  the  diameter  .044" 
Addition  of  1,630  lbs.  per  m\.  inch  pi-oduced  elongation  .32",  reduced  the  diameter  .0i)8" 
Addition  of      133  lbs.  per  mi.  inch  produced  elongation  .40",  reduced  the  diameter  .094" 
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Xo,  3.     Tenacity 

Stress  of  36,064  lbs.  per  sq,  inch  produced 
Addition  of  9,4()H  lbs.  per  sq.  inch  pro<luced 
Addition  of  10,IJ(W  llw.  per  sq.  inch  pro<luced 
Addition  of  3,920  lbs.  j)er  sq.  inch  produced 
Addition  of  1,314  lbs.  iwrsq.  inch  produced 
Addition  of  519  lbs.  j)er  sq.  inch  produced 
Addition  of       147  lbs.  per  sq.  inch  produced 


,  61,740  pounds. 

elongation  .OV, 
elongation.ll'S 
elongation  .21'', 
elongation  .31", 
elongation  .41", 
elongation  .51", 
elongation  .58", 


reduced 
reduced 
reduced 
reduced 
reduced 
rwluced 
reduced 


the  diameter  .002" 
the  diameter  .els' 
the  diameter  .OSO* 
the  diameter.  046* 
the  diameter  .064" 
the  diameter  .078" 
the  diameter  .102" 


Ko.  5.     Tenacity,  51,880  pounds. 

Stress  of  36,166  lbs.  per  sq.  inch  produced  elongation  .02",  reduced  the  diameter  .002" 
Addition  of  6,424  lbs.  per  sq.  inch  pro<luced  elongation  .12",  reduced  the  diameter  .016" 
Additicm  of  4,58d  lbs.  per  sq.  inch  produced  elongation  .22",  re<luced  the  diameter  .023" 
Addition  of  2,492  lbs.  per  sq.  inch  produced  elongation  .32",  re<luc«H.l  the  diameter  .038" 
Addition  of  1,352  lbs.  per  sq.  inch  produced  elcmgation  .42",  redused  the  diameter  .054" 
Addition  of  COS  lbs.  per  sq.  inch  prtxluced  elongation  .52",  reduced  the  diameter  .069" 
Addition  of  250  lbs.  per  si],  inch  produced  elongation  .62",  reduced  the  diameter  .084" 
Addition  of  unknown  amount  pix>duced  elongation  .71",  retluced  the  diameter  .104". 

Thus  it  is  evident  that  after  the  elastic  limit  has  been  reached,  a  slight 
addition  to  the  stress  produces  very  disproportionate  effect.  As  a  oon- 
lirination,  our  t^sts  of  cable  show  in  one  case  that  an  elongation  of  25", 
I)roduced  by  50  tons  stress,  was  increased  to  56"  by  the  addition  of 
12  tons. 

In  obtaining  the  stress  which  produced  the  elongation  of  eaeh  tenth 
of  an  inch  we  watched  for  the  elongation  and  stopped  the  strain  the  in- 
stant the  looked-for  tenth  ha<l  taken  place.  The  experiment  was  varied 
in  the  following  manner,  with  two  test-pieces,  made  from,  soft  charcoal- 
bloom  boiler-iron. 

With  these,  having  obtained  the  first  stretch,  we  applied  slowly  an 
additional  stress  of  1,000  pounds,  and  measured  the  dimensions,  then 
continued  to  add  the  same,  measui'ing  after  each  addition,  until  the  lever 
fell  iiulicating  tensile  limit.  We  thus  procured  data  as  to  the  action  of 
the  metal  between  the  elastic  and  the  tensile  limit,  the  former  tests  Xos. 
1,  2,  3,  and  5  having  begun  at  the  latter  period. 

Experiments  to  determine  the  effect  in  changing  form^  of  stress  increasing  from  the  elastic  to 

the  tensile  limit,  gradually  applied. 

Test-pieces  of  soft  charcoal-blooin  iron. 


Stress  on  test-piece. 


None 

SO.fvOO  ponndn 
S2.0QO  pounds 
83,(NI0  ponnds 

54.000  pounds 

25. 1  00  pnnnds 
90, (KH)  pounds 
37,000  ponndu 
28,000  pounds 
29  000  pounds 
30,000  p«»unds 
31  (00  piMiuds 
32,000  pounds 
33,000  pnunds 
34  000  p4mnds 
.35.000  (Miuuds 
36.000  pounds 
31,000  (Munds 
38,000  pounds 


Ko.l. 


Dimensions. 


Change. 


Diani- 
eier. 


Length. 


L.000 
.99.5 
.994 
.992 
.991 
.9f<9 
.987 
.98.5 
.983 
.9H0 
.977 
.975 
.972 
.9fi8 
.964 
.960 
.  955 
.943 
.933 


II 

3.938 
3.956 
3.9ri5 
4.001 
4.010 
4. 0-24 
4.040 
4.058 
4.078 
4.099 
4.  \'l\ 
4.156 
4.168 
4.201 
4. 2:i9 
4  284 
4. 3:<9 
4.  4-25 
4.501 


Red.  of 
Diam. 


// 


0.005 
O.OOl 
0.002 
O.OOl 
0.002 
0.002 
0.002 
0.002 
0.003 
0.00.) 
0.002 
0. 003 
0.004 
0  004 
0.004 
0.005 
0.012 
0.010 


Blon. 


// 


0.018 
0.029 
0.016 
0.009 
0.014 
0.016 
0.018 
0.020 
0.021 
0.025 
0  0.T2 
0.032 
0.0:i3 
0.0:)8 
0.045 
0. 055 
0.086 
0.076 


Na2. 


Dimensions. 


Diam- 
eter. 


II 

0.996 
0.989 
0.988 
0.98S 
0  98.i 
0.982 
0.980 
0.977 
0.975 
0.972 
0.971 
0.967 
0.965 
0.9S9 
0.9\5 
0.948 
0.938 
0.921 


Length. 


II 

4.008 
4.038 
4.067 
4.076 
4.093 
4.109 
4  121 
4.243 
4.265 
4.380 
4.305 
4.340 
4.374 
4.402 
4.454 
4.514 
4.5H6 
4.658 


Change. 


&.D. 


n 


0.007 
O.OOl 
0.003 
0  003 

a  001 

0.0OS 

o.oa3 

0.0O2 
0.003 
0.0O1 

aoo4 

aOQ3 

ano6 

O.0O4 
0.0O7 

o.oio 

0.017 


$1 


0.030 
0.029 

aoo9 

0.017 
0.016 

a  013 
aoii 

0.033 

a  015 

0.035 
0.033 
O.QEH 
0.028 
O.0U 

aoeo 

0.073 
0.078 
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While  testing  the  piece  whose  history  is  given  as  Experiment  No.  1 
we  noticed  after  rupture  that,  in  addition  to  the  reduction  at  tlie  iK)int 
of  rupture,  where  the  taper  was  very  abrupt,  there  were  several  other 
places  much  reduced^  as  shown  in  cut.  !No  test-piece  from  other  irons 
manifested  this  pecuharity ;  two  others  of  this  material  "iron  L"  did. 


) 


I 

I 
I 


m 


^W 


.GSOfL 


vt 


■■i 


This  irregular  decrease  of  diameter  under  tension  was  considered  to 
be  an  indication  that  the  strength  of  the  material,  however  great  it 
might  occasionally  prove,  was  very  irregular,  that  each  bar  contained 
boSi  strong  and  weak  spots,  and  that  it  was  thus  unsuitable  for  cables. 
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Section  VIII. 

Part  1. — Notes  upon  the  various  irons  examined,  with  experiments  SHOWiKa 

kkfecrs    produced  by  reworking  material  ok  different  characteristics. 

Part  2.  Chemical  analyses  of  the  irons,  with  comparison  of  tub  chemical 

AND  physical  results. 

NOTES  UPON  THE  IRONS  EXAMINED. 

Fart  L 

A  comparison  of  the  results  obtained  by  steady  and  sudden  strains 
upon  bars,  and  by  steady  strains  upon  tlie  links  made  from  the  bars,  in- 
di(5ates  that  there  are  two  classes  of  iron,  which,  although  x)osse8sin^ 
(considerable  tensile  strength  in  the  form  of  straight  bars,  are  equally 
unsuitable  for  cable-iron,  through  defective  resilience,  or  inferior  weld- 
ing (pialities. 

The  first  class  includes  the  greater  portion  of  the  ordinary  cheap  iron 
found  in  the  mai'ket,  which  is  cheap  because  it  has  not  received  enough 
work  whi(;h  is  expensive,  to  greatly  change  its  characteristics  from 
those  which  it  possessed  as  crude  iron. 

When  tested  by  tension  iron  of  this  class  shows  slight  change  of  form 
at  rupture,  and  when  broken  by  im^iact  it  i)roves  brittle  and  unreliable 
under  sudden  strains. 

After  fra<?ture  the  ai)pearance  of  the  broken  surfaee  is  described  as 
"  coarse  granulous,''  and  generally  is  bright  and  glistening. 

Such  iron  will  when  subjected  to  impact,  break  with  but  little  de- 
flection, and  sometimes  by  blow  s  of  less  force  than  it  had  pre\iously 
withstood  without  sign  of  injury. 

The  second  (»lass  includes  many  excellent  irons  with  high  tenacity, 
wiiicfh  is  due  either  to  very  thorough  work,  or  to  ingredients  in  its  com- 
position which  tend  to  increase  tenacity,  frequently  at  the  expense  of 
welding  qualities. 

A  few  notes  in  regard  to  the  irons  we  have  examined  will  illustrate 
these  points. 

Contract  Chain-Ikon. 

Record  of  hare  tested  by  tension,  pages  114  to  117  ;  record  of  bars  tested  by  Impact, 
pages  185  to  192 ;  chemical  analysis,  No.  156. 

The  tests  upon  this  iron  were  made  by  the  chairman  of  the  committee, 
in  obedience  to  an  order  of  the  Xavy  Dei)artment. 

The  general  character  of  the  iron  was  that  of  class  first,  coarse, 
brittle,  and  slightly  worked. 

As  a  result  of  the  tests  the  entire  stx)ck  on  hand  was  condemned, 
but  much  of  it  having  been  found  to  be  susceptible  of  great  improve- 
ment by  reworking,  it  was  so  treated  with  good  results. 

Using  this  iron  as  a  basis  for  experiments  in  reworking  and  in  mix- 
ing irons  with  differing  characteristics,  we  produced  the 

IlAivoiERED  Iron. 

Record  of  hare  tested  by  tension,  Nos.  1  to  57  inclusive. 
Record  of  biu"a  tested  by  impact,  pages  193  to  201. 

The  process  by  which  this  iron  was  manufactured  was  as  follows: 
Such  of  the  contract  chain-iron  as  our  experiments  had  show^n  to  be 

most  benefited  by  increased  work  was  selected,  heated  to  a  very  high. 

heat,  and  thoroughly  hammered  by  the  steam-hammer,  each  link  or  bolt 

by  itself,  until  it  was  flattened  to  a  slab.    During  the  process  great 

quantities  of  dross  and  scoria  were  exi)elled. 
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Old  condemned  boUers  were  cut  up,  and  the  better  portions  cut  into 
slabs,  which  were  heated  to  a  red  heat  and  the  rust  beaten  off  5  these 
slabs  of  the  two  irons  were  then  piled  in  the  following  manner: 


Boiler-iron. 


Twice-hammered  chain-iron. 


Once-hammered  chain-iron. 


Crown-sheet  boiler-iron. 


Once-hammei'ed  chain-iron. 


Twice-hammered  chain-iron. 


Boiler-iron. 


These  piles  were  about  20"  by  10",  and  were  heated  and  hammered  into 
octagonal  blooms. 

The  advantages  which  it  was  hoped  would  be  secured  by  the  above 
method  of  piling  were,  that  the  soft  and  comparatively  plastic  center 
-would  pennit  extreme  flexure ;  that  the  coarse,  once-heated  chain-iron 
would,  being  supported  by  this  yielding  center,  sustain  tiexure  to  a  much 
prreater  extent  than  if  not  so  supported ;  and  that  the  thoroughly  re- 
lieated  and  re- worked  layers  of  chain-iron  next  to  the  outer  layers  would 
impart'  strength  and  toughness  to  the  mass,  and  would  absorlumy  blows 
or  sudden  stmns,  which  received  upon  the  outer  surtace  would  encounter 
first  a  cushion,  and  then  a  tough  iron ;  and  that  the  resultant  iron  wouhl 
I>os8ess  great  power  to  resist  both  sudden  and  steady  strains,  would 
bend  double  without  breaking,  and  the  parts  not  being  perfectly  homo- 
geneous, the  rupture  of  a  portion  of  a  bar  woukl  not  render  valueless 
the  remainder.  That  we  secured  all  these  advantages  our  tests  show 
plainly. 

Tested  by  tension,  the  iron  showed  fair  tensile  strength  (average 
53,000  i)0und8),  uniformity,  and  ductility;  tested  by  imx>act,  bars  of 
all  sizes  in  their  normal  condition,  woidd  sustain  heavy  blows  with 
slight  deflection,  and  Anally  double  till  the  sides  were  close  together, 
without  injiu'y.  Extreme  tests  were  ma<le  by  imi)act ;  one  hundred 
and  ninety-seven  bars  of  2"  diameter  were  swaged  from  the  blooms, 
each  of  which  was  circled  with  a  score  -^^  of  an  inch  deep  in  the 
center;  these  bars  were  struck  upon  this  score  by  the  wedge-shai)ed 
banimer  of  the  impact  testing-machine,  dropped  from  a  height  of  30  feet, 
the  hammer  weighing  100  i)ounds.  Eiich  blow  was  considered  to  be 
equal  to  3,000  foot-pounds. 

2,  or  1  per  cent.,  resisted  7  blows. 

5,  or  2.54  per  cent.,  resi.sted  6  blows. 
27,  or  13.6  per  cent.,  resisted  5  blows. 
68,  or  34.5  per  cent.,  resisted  4  blows. 
71,  or  36  per  cent.,  resisted  3  blows. 
21,  or  10     ])er  cent.,  resisted  2  blows. 

3  broke  at  first  blow. 

The  three  which  broke  at  a  single  blow  were  found  to  have  been  made 
partially  of  boiler-steel. 
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Iron  A. 

From  these  hammered  blooms,  those  which  had  resisted  at  least  three 
blows  were  reheated,  and  rolled  in  the  copper-mill  into  the  above  iron 
of  which  the — 

Record  of  tests  by  tension  as  bars  is  Nos.  58  to  107. 
Kecord  of  tests  by  impact  as  bars,  pages  202  to  205. 
Comparison  of  bars  and  links,  pages  49  to  51,  inclusive. 
Chemical  analysis,  No.  135.* 

The  greater  portion  of  iron  A  was  rolled  into  2"  bars,  the  fag-ends 
being  reduced  still  farther  to  14'^  and  a  portion  of  one  day's  work  was 
rolled  into  bars  of  all  sizes  fh)m  1"  to  2 J'',  varying  by  eighths  of  an  inch. 

The  tests  by  tension  of  the  2'^  bars  showed  tenacity  quite  uniform, 
averaging  about  50,000  pounds,  that  of  the  bars  varying  in  diameter 
ranging  from  51,000  to  55,000  pounds. 

The  blooms  for  the  sizes  from  2"  to  1|'',  inclusive,  were  of  uniform 
area,  as  were  those  of  1 J'^  to  1",  inclusive,  but  of  less. 

All  of  the  bars  showed  great  ductility  and  change  of  form  under 
tension,  ha\ing  a  rather  low  elastic  limit  which  was  due  no  doubt  to  the 
fact  that  the  softer  and  more  ductile  portions  stretched  first.  Tested 
by  impa<;t,  all  sizes  up  to  2J'',  bent  comi)letely  double  by  heavy  blows 
(3,000  foot-pounds)  delivered  upon  the  center  of  the  test-pieces,  bending 
them  to  the  fa<;e  of  the  wedge,  when  the  steam-hammer  completed  the 
closure,  as  shown.    (Plate  VII.) 

Sixty  of  the  bars  of  the  2"  rolled  were  tested  by  impact  in  the  same 
maimer  as  the  hammered  iron. 

« 

1,  or    1.66  per  cent.,  resisted  7  blows. 

1,  or    1.66  per  cent.,  resisted  6  blows. 

8,  or  13.J?3  per  cent.,  resisted  5  blows. 
14,  or  23.33  per  cent.,  i^esisted  4  blows. 
16,  or  26.66  per  cent.,  resisted  3  blows. 
14,  or  2^133  per  cent.,  resisted  2  blows. 

6  broke  at  less  tban  2  blows. 

Fractures  showing  long  gray  fiber  and  "  barking,"  as  shown.  (Plate 
IV.) 

Eighty-three  tests  by  impact  were  made  upon  the  IJ"  bars,  all  being 
scored  with  a  circle  -^^^  deep  and  struck  by  the  l(K)-pound  hammer 
dropi)ed  30  feet,  the  temperature  being  from  20^  to  35^  diuing  test,  and 
the  bars  having  been  exposed  the  preceding  night  to  a  temi)erature  of 
lOo  to  15°. 

Sixty-one  pieces  withstood  this  blow  ^vithout  breaking,  many  being 
hardly  cracked.    Most  of  those  which  broke  showed  fibrous  structure. 

It  is  probable  that  the  final  heating  and  rolling  deprived  the  iron  of  a 
portion  of  its  power  to  resist  shocks^  as  the  record  of  the  hammered 
iron  is  superior  to  that  of  the  rolled  in  this  respect.  Tested  as  cable, 
the  links  of  all  sizes  proved  strong,  and  the  welding  value  of  the  iron 
was  good,  a  large  ]>roportion  of  the  links  (18  out  of  37)  breaking  at  the 
butt  end.  The  strength  of  links  ranged  from  161  i>er  cent,  to  173  per 
cent.,  averaging  169  per  cent,  of  the  bar's  strength. 

No  h'on  which  we  have  examined  has  i>roved  superior  to  this  for  cable- 
iron  and  there  is  no  reason  why  any  inanufiicturer  should  not  be  able  to 
produce  similar  material,  by  suitable  mixtures  in  the  i)iles,  and  by  giv- 
ing such  amount  of  work  as  is  found  to  be  best  adapted  to  develop  good 
welding  properties. 

Even  though  it  should  be  considered  as  impractical  to  arrange  every 
pile  with  due  attention  to  a  balancing  of  opi>osite  characteristics,  the 
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PLATE  VIII. 
IMI'ACr    TESTS. 


Iron  A. 


TVI'ICAL,  MANV    SIMILAR 
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quality  of  ordinary  chain-iron  can  he  vastly  improved  by  subjecting  the 
coarse  material  of  which  it  is  generally  composed  to  much  more  thoix)Ugh 
working  than  is  ordinarily  the  custom. 

A  number  of  the  test-piec*^s  of  iron  A  which  had  been  tested  by  im- 
pact were  photographed,  and  Plates  VII  and  VIII  are  heliotypes  from 
these  photographs. 

Plate  VII  represents  the  bars  of  Febniaiy  27  as  bent  by  imi)act. 

Plate  VIII  illustrates  a  few  of  the  crucial  tests  to  which  this  iron  was 
subjected. 

Figure  1  is  a  screw,  sixteen  threads  to  the  inch,  which  was  bent  to 
face  of  impact  hammer  by  a  blow  of  3,(X>0  fo()t-i)onnds,  then  closed  under 
steam-hammer.  Fig.  2,  the  1^'  bar  of  February  27,  drawn  into  an  over- 
hand knot  by  tension  with  machine  A.  Fig.  3,  the  2^"  bar,  bent  double 
cold  in  two  directions.  Figs.  1  and  3  represent  many  tests  of  the  same 
nature,  all  of  which  were  equally  successful. 

Iron  B. 

Reconl  of  bars  tested  by  tension,  Nos.  108  to  157. 

Record  of  bare  tested  by  impact,  206. 

Comparison  of  links  and  bars,  pages  52  and  53. 

Chemical  analysis.  No.  171. 

I 

Three  bars  of  this  iron,  viz,  1||",  IH'S  ^'^^^  ^tV"?  ^^re  fiimished  as 
sample  bars  to  compete  for  an  order  for  chain-iron,  with  bars  of  irons  0, 
E,  G,  H,  I,  J,  K,  and  L,  all  of  which  are  referred  to  as  the  "  nine  irons  ''j 
by  the  result  of  the  tests,  this  iron  was  accei)ted  for  the  three  sizes,  the 
contractor  having  substituted  samples  of  irim  B  at  the  last  moment 
for  those  of  iron  I,  previously  furnished,  which  proved  red-short,  and 
worthless.  The  iron  B  delivered  was  alwmt  the  same  as  the  sami)les, 
except  in  ca«e  of  the  lyV  size,  some  of  the  links  of  which  greatly  re- 
sembled the  rejected  iron  I.  This  iron  showed  i)lainly  the  effect  upon 
quality  of  increased  reduction  by  the  rolls,  the  smaller  sizes  being  the 
most  ductile  and  welded  most  firmly.  As  cable  the  1  j|"  averaged  IG2 
per  cent.,  the  l{y  lOOJ  per  cent.,  and  the  l^V  ^^^i  P^r  cent,  of  bai*'s 
strength. 

Iron  C. 

Record  of  tests  of  bars  by  tension,  Nos.  158  to  225,  264  to  271,  and  278  to  283. 
Record  of  tests  of  bars  by  impact,  pa^es  206  and  207. 
Comparison  of  links  and  ))arH;  pages  o4  and  55. 
Chemical  analysis,  No.  172. 

Three  bars  of  this  iron,  viz,  of  IJ",  Ig",  and  IJ",  were  furnished  to 
compete  with  the  "nine  irons,"  and  upon  the  results  of  tlie  tests  this  iron 
was  receive<l  in  the  above  sizes.  Bars  of  1  j|",  1}J",  and  IX"  were  also 
furnished,  but  the  price  being  greater  than  that  of  iion  B,  tiie  latter  was 
selected. 

The  tests  by  tension  and  impact  of  the  sample  bars  Nos.  162, 163, 169, 
174,  175,  and  181  showed  gi-eat  ductihty,  low  tensile  strength,  and  re- 
markable toughness,  with  great  power  to  resist  impact,  one  bar  receiving 
119  sledge-blows,  another  94,  and  all  many,  upon  ends  which  had  been 
nicked  with  a  cold-chisel  before  they  were  broken  otif". 

As  cable  the  welding  value  was  high,  and  the  single  links  developed 
from  178  per  cent,  to  199  per  cent,  of  the  bar's  strength,  averaging  187 
per  cent. 

These  sample  bars  in  many  respects  resembled  iron  D,  which  is  a 
superior  iron  made  by  the  same  miU. 
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The  iron  delivered  differed  greatly  in  characteristics;  the  tensile 
strength  was  higher,  they  comparing  as  follows: 


Sample  bars ... 
Iron  delivered. 


U. 


Poundt. 
50,313 
54.400 


If. 


Poundt. 
49,000 
55.860 


u. 


Foundt, 
5S,  700 
55,400 


And  althongh  generally  tongh  and  strong,  the  characteristics  of  the  iron 
delivered  showexl  that  it  had  received  much  less  work  than  the  samples, 
if  of  the  same  material.  As  cable-links,  the  1^"  developed  an  average 
of  102  per  cent.,  the  1§"  155  per  cent.,  and  the  1|"  153  per  cent,  of  the 
bar's  strength,  mjwle  up  of  very  irregular  factors,  ranging  from  134  to 
177  i)er  cent.  Tlie  If  was  brittle  under  impact,  the  1§"  less  so,  and 
the  1^''  generally  very  tough. 

Iron  D. 


Eecortl  of  tests  of  bare  by  tension,  Nos.  226  to  263,  272  to  277,  284  to  289,  and  290  to  299. 
Record  of  tests  of  bare  by  impact,  pajjos  — ,  — . 
Comj)arison  of  bare  and  links,  pa^es  56  and  57. 
Cheuiical  analyses  Nos.  132,  134,  186,  173,  174. 

Two  lots  of  this  iron,  etxch  consisting  of  nine  bars,  from  2"  to  1'',  were 
purchased  for  testing.  It  was  manufactured  by  the  maker  of  iron  C, 
and  was  a  "  rivet  iron.''  Difference  in  tlie  amount  of  reduction  in  the 
rolls  ])roduced  with  this  iron  very  marked  differeiK^es  in  strength,  the 
smaller  bars  liaAing  much  gi-eater  tenacity  than  the  larger  ones.  All 
sizes  possessed  great  power  to  resist  impact,  except  the  2"  bars,  which, 
were  generally  very  brittle. 

The  two  lots  differed  greatly  in  the  tensile  strength  of  the  same  sizes, 
as  slioAvn  by  comparing:  First  lot,  IJ",  tensile  strength,  54,087  pounds; 
2",  51,140  pounds.  Second  lot,  IJ",  tensile  strength,  01,115  pounds; 
2",  49,140  pounds,  a  ditt'erenee  of  11,909  pounds,  due  ai)pareiitly  to  dif- 
ference in  reduction  by  the  ixdls. 

It  seems  probable  that  the  second  lot,  having  been  prepared  expressly 
for  test,  received  a  great  deal  more  work  than  the  first.  This  overwork 
manifested  itself  both  in  increased  tenacity  and  in  decreased  welding 
value,  the  single  links  of  the  first  lot  develojung  an  average  of  178  per 
cent,  and  the  sections  of  the  second  158  per  cent,  of  the  bai-'s  strength. 

The  2'^  bars  of  both  lots  differed  greatly  from  all  of  the  smaller  bars,  so 
greatly  that  it  was  difficult  to  believe  that  they  were  of  the  same  iron. 
Both  were  very  brittle  under  impac't,  and  when  tested  by  tension  broke 
with  almost  imi)erc(»ptible  change  of  form,  showing  bright  granulous  sur- 
face of  fra(*ture.  With  one  of  these  bars  there  was  so  slight  a  difference 
between  the  appearancjcs  of  the  fractures  by  tension  and  by  impact  that 
the  fragments  were  photographed,  as  shown.  (Plate  X.)  After  several 
failures  the  manufacturers  at  last  sent  us  a  2"  bar  which  corresj)onded 
in  its  character  with  the  smaller  sizes. 

From  this  last  named  bar  the  test -pieces  used  in  the  investigation  of 
form  of  test-pieces  Nos.  153  to  1()2  were  prepared,  by  which  the  tensile 
strength  was  found  to  l)e  about  4(),500  pounds,  as  obtained  by  a  cylinder 
turned  from  the  core ;  by  test  of  the  entire  bar  (No.  234,  records  of  bars) 
it  was  51,140  pounds.    This  remarkable  dift'erence  between  the  tenacity 
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of  the  core  and  that  of  the  entire  bar  occurred  in  another  instance,  with 
iron  Fjc,  a  very  ductile  material  too  much  worked.  This  2"  bar  of  iron 
D  withstood  heavy  impact  tests,  and  as  cable  broke  at  276,500  pounds, 
equal  to  172  per  cent,  of  the  bar's  strength. 

Iron  E. 

Record  of  tests  of  bars  by  teusion,  Nos.  300  to  347. 
Record  of  tests  of  bars  by  impact,  *210. 
Comparison  of  bars  and  liuks,  pages  57  and  58. 
Chemical  analysis,  No.  175. 

Six  bars,  viz,  1||,  If'',  1|^,  1|",  y^^,  IJ",  were  furnished  to  complete 
with  the  nine  ii'ons,  the  price  being  higher  than  that  of  B  and  C,  the 
latter  had  been  tested  and  bought  before  E  was  touched.  Upon  test  it 
developing  fairly,  bars  of  the  intermediate  sizes  were  purchased  to  com- 
plete the  series  of  tests. 

The  iron  was  all  of  good  quality,  moderate  tensile  strength,  tough 
under  impact,  and  made  good  cable" 

This  set  of  bars  presenteil  one  peculiarity:  the  IJ",  instead  of  being  of 
less  tensile  strength  than  the  1|",  as  generally  is  the  case,  was  of  greater, 
and  three  other  bars,  of  If",  1|",  and  1^",  were  bought  to  see  if  this  un- 
usual feature  was  or  was  not  ac<jidental ;  the  same  result  was  repeated 
and  led  to  inquiiy  at  the  mill  for  the  cause.  We  found  that  at  this  mill 
the  pile  used  for  the  IJ"  was  of  the  same  sectional  area  as  that  for  the  1|", 
while  at  most  mills  it  is  less.  (See  investigation  of  effect  of  rolls,  page 
23.) 

Iron  F. 

Record  of  t-ests  of  bars  by  tension,  Nos.  348  to  601. 
Record  of  tests  of  bars  by  impact,  page  211. 
Comparison  of  bars  and  links^  pages  o9  to  62. 
Chemical  analysis^  Nos.  131. 

This  iron  was  received  in  several  lots,  the  first  of  which  proved  to  be 
of  such  uniform  character  that  iron  F  was  selected  as  suitable  to  use  in 
various  investigations  in  which  it  was  desirable  to  reduce  to  a  minimum 
the  chances  of  error  arising  from  defects  in  the  material. 

Xone  of  the  bars  furnished  can  be  considered  as  chain-iron,  for  which 
purpose  the  manufacturers  make  a  harder  and  stronger  iron.  We  how- 
ever tested  many  of  them  in  the  fonn  of  cables,  considering  that  in 
the  record  of  such  cables,  we  would  find  what  could  be  expected  of  iron 
of  very  low  tensile  strength.  F  proved  uniform  under  every  form  of 
test,  the  tensile  strength,  elongation,  reduction  of  area,  sti'ength  of 
links,  and  percentage  of  bar's  strength  developed  by  links,  resistance  to 
impact,  and  welding  quaUties,  of  any  one  lot  furnishing  valuable  evi- 
dence as  to  what  might  be  expected  of  another. 

The  manufacturers  furnished  us  notes  as  to  the  process  of  manufac- 
ture of  the  third  lot  received,  similar  to  those  pre\iously  made  by  the 
chairman  of  this  committee  during  the  manufacture  of  the  second  lot. 

The  third  lot  of  bars,  from  J''  to  4^',  inclusive,  was  furnished  to  the 
Board  without  charge,  and  every  facihty  was  rendered  to  us  to  enable 
as  to  study  the  effect  of  different  amounts  of  reduction  from  pile  to  bar. 
The  results  of  which  experiments  are  described  in  the  "  Investigation  of 
the  effect  of  the  rolls,"'  the  experimental  iron  being  termed  in  our  report 
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Iron  Fx.  , 

LoU  1,  2,  and  3. 

Reroril  of  tests  by  tensiou  of  bars,  Nos.  602  to  696. 
Rtcord  of  tests  by  impact  of  bai-s,  pa^e.s  '212  autl  213. 
Compan^ou  of  bars  and  links,  pacew  0*2  to  64. 
Cliemical  aualys^t'S,  Xos.  169,  176, 177. 

The  bars  of  this  iron  were  rolled  from  piles  made  up  of  the  same  com- 
biuation  of  crude  irons  as  was  used  in  the  manufacture  of  iron  F,  but 
which  piles  were  made  to  differ  from  those  of  F  in  sectional  area. 

The  proprietors  of  the  rolling-mill  furnished  without  charge  all  of  the 
facilities  and  material  necessary  to  assist  the  committee  in  an  investiga- 
tion into  the  effect  of  the  rolls,  the  object  of  the  experiments  being  the 
production  of  a  set  of  bars  of  various  sizes,  the  tensile  strength  per  squai-e 
inch  of  which  should  be  uniform. 

This  result  was  accomplished  on  the  third  trial,  by  so  graduating  the 
sectional  areas  of  the  various  piles,  that  the  areas  of  the  bars  rolled  from 
them  bore  uniform  ratios  to  those  of  the  i)iles.  (See  investigation  of  the 
effect  of  the  rolls,  page  25.) 

The.  resulting  bars  had  received  much  more  work  than  iron  F ;  they 
had  higher  tenacity,  equal  if  not  superior  resilience,  but  inferior  welthng 
quahties.  The  average  tensile  strength  of  ii*on  F  was  51,127  pounds 
(from  52,517  to  48,132) ;  the  average  tensile  strength  of  ii*on  Fx  was 
53,400  pounds  (from  52,817  to  54,044). 

The  percentage  of  bar  strength  developed  by  links  of  iron  F  was, 
one  lot,  104  i)er  cent.,  another  102.5  per  cent. ;  of  iron  F.r,  it  was,  one 
lot,  151  per  cent.,  another  157.8  per  cent.j  and  the  percentages  of  iron 
F  were  more  regular  than  those  of  Fir. 

Tested  by  impact,  both  varieties  resisted  extreme  shocks  and  numl)er^ 
of  the  test  i)ieces  manifested  the  i)henomena  of  "barking."    (See  Plate 

IV.) 

Irons  G,  H,  I,  and  J. 

Record  of  bars  tented  by  tension,  Nos.  697  to  771. 

Compari8ou  of  bara  and  links,  page  65. 

Chemical  analyses  of  J,  Nos.  137,  142,  143,  144,  148. 

These  bars  were  furnished  to  compete  with  the  nine  irons  for  a  eon- 
tract,  but  few  tests  were  made  ui)on  them.  G  and  H  both  proved  of 
good,  fibrous  material,  sufficiently  worked,  and  the  few  links  made  from 
them  were  strong;  G,  as  single  links,  being  equal  to  174  per  cent.,  and  H 
to  182  -per  cent,  of  the  bai-'s  strength. 

Iron  I  was  thoroughly  red-short,  and  it  was  impossible  to  make  links 
ftt)m  it,  they  breaking  while  being  bent. 

Six  bars  of  iron  J  were  furnished,  which  proved  to  be  of  a  kind  called 
in  the  shop  "  rotten."  When  tested  by  impact  with  a  sledge-hammer 
the  bars  would  split  under  the  blows,  showing  smooth,  black  faces  re- 
Bembling  charcoal. 

Iron  K. 

Record  of  tests  of  bars  by  tension,  Nos.  772  to  810. 
Record  of  tests  of  bars  Ivy  impact,  pages  214  and  215. 
Comparison  of  bars  and  links,  pages  66  and  67. 
Chemical  analyses,  Nos.  130,  140,  and  141. 

Several  of  the  bars  of  this  iron  were  ftimished  to  compete  with  \\m 
"  nine  irons,"  the  remainder  were  piu'cha^ed  at  different  times  for  tesp 
purposes. 
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All  were  of  the  same  character,  which  wavS  that  of  a  fine-grained, 
thoroughly  worked,  refined  bar,  of  great  tensile  strength  and  uniform- 
ity, showing  when  broken  by  any  form  of  force,  fine  bright  silvery 
fi'actures. 

The  bars  were  so  uniform  in  stt'ength,  that  they  were  selected  as  the 
material  from  which  to  make  experiments  which  depended  upon  uniform- 
ity in  character  of  material  for  their  value.  Under  impact-tests  iron  K 
gave  jieculiar  results ;  if  the  skin  was  intact,  a  bar  of  2"  diameter  could 
be  doubled  cold  by  hea^y  blows  without  showing  injury;  but  if  a  shght 
score  or  nick  was  made  in  it,  this  power  was  entirely  lost. 

The  welding  properties  were  not  good,  that  is,  by  the  ordinary  proc- 
ess. With  some  of  the  links  that  were  probably  welded  at  suitable  heat, 
the  welds  were  firm,  and  they  possessed  gi^eat  strength,  l>ut  others 
made  iiom  the  same  bars  broke  at  verv  low  strains ;  bv  referen(*e  to  the 
records  on  page  G7,  it  will  be  seen  that  between  links  of  the  same  size, 
made  fi*om  the  same  bar,  there  were  ditt'erences  in  strength  eipial  to  from 
20  to  32  i)er  cent,  of  the  strength  of  the  weaker  links,  the  iron  thus 
showing  an  irregularity  in  strength  which  excluded  it  liom  the  list  of 
suitable  chain-irons. 

The  character  of  the  material  was  so  opposite  to  that  of  charcoal-bloom 
lx)iler-iron,  each  possessing  valuable  qiuilities  which  were  lacking  in  the 
other,  that  it  was  resolved  to  make  some  exi)eriments  by  mixing  the  two, 
and  the  results  showed  plainly  that  by  such  admixture,  iron  sui>erior  for 
chain-cables  to  either  of  the  constituents  could  be  produced. 

First  experiment :  the  fragments  of  the  1|"  bar  which  had,  after  having 
been  scoi^d,  been  broken  by  impact  of  an  800  foot-pound  blow,  were  re- 
heated and  flattened,  and  piled  with  old  boiler-iron,  in  the  same  manner 
as  with  iron  A,  from  which  pile  a  bloom  was  hammered,  and  from 
which  bloom  test-bars  of  2"  and  If"  diameter  were  swaged,  all  be- 
ing of  length  equal  to  twelve  diameters.  Tested  by  impact,  after  hav- 
ing been  scored  by  a  cut  ^"  deei>,  the  2"  test-pieces  required  seven  and 
the  1|"  Jive  blows  of  3,000  foot-pounds  each  to  completely  tear  them  in 
two.  The  original  bar,  which,  after  having  been  scored,  broke  with  a 
blow  of  800  i)ounds,  resisted  four  blows  of  3,000  pounds  each  when  un- 
scored ;  the  effect  of  these  blows  was  to  close  it  to  an  angle  of  105^  from 
the  horizontal,  after  which  it  was  beaten  by  the  steam-hammer  until  the 
sides  touched  the  whole  length,  the  iron  remaining  uninjured.  The 
tensile  strength  was  57,000  pounds,  that  of  the  boiler-iron  50,000  pounds, 
and  that  of  the  mixture  54,000  pounds. 

A  second  experiment  was  made  with  fragments  of  the  1^^"  bar,  which, 
with  tensile  strength  54,000  pounds,  broke  under  impact  after  having 
been  scored,  at  the  second  1,200  foot-pound  blow,  these  fraginents  were 
mixed  with  old  boiler-iron,  and  four  test-pieces,  each  of  2''  diameter  and 
24"  length,  prepared  5  these  resisted  from  four  to  si^v  3,000  foot-pound 
blows,  tearing  in  two  finally  with  a  long  fibrous  fracture. 

A  third  experiment  was  made  with  the  fragments  of  2"  bar,  which 
were  thoroughly  reworked,  without  mixing  with  boiler-iron.  The  iron, 
which  originally  as  a  2"  bar  possessed  tensUe  strength  of  59,000  pounds, 
and  was  tough  when  unscored  brittle  when  scored,  was  not  at  all  im- 
proved by  the  reworking. 

The  manufacturers  of  iron  K  prepared,  under  the  instructions  of  the 
committee,  a  2"  bar,  which  was  made  by  combining  in  the  pile  the  usual 
iron  of  which  K  was  made  with  alternate  layers  of  charcoal-bloom  iron, 
five  layers  in  all,  the  center  and  outer  ones  being  of  charcoal  bloom. 
At  the  same  time  they  sent  to  us  slabs  of  the  crude  iron  K,  which  we 
combined  with  old  boiler-iron  in  the  same  manner  as  with  iron  A,  and 
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hammered  into  a  bloom,  jBx)m  which  2"  teist-pieces  were  swagetl;  we  also 
prepared  a  similar  test-piece  of  fragments  of  the  2"  bar  of  the  usual 
character  sent  to  us,  combined  with  boiler-iron.  All  of  these  bars  re- 
sisted extreme  tests  by  impact,  and  were  of  good  tensile  strength,  xizy 
54,000  to  55,000  poimds.  Their  reconl  under  impact  tests  is  given  on  pages 
214  and  215. 

The  results  of  these  expeiiments  demonstrate  that  excellent  chain-iron 
can  be  made  by  mills  whose  ordinary  i)ix)ducts  cannot  be  considered  as 
suitable. 

One  of  the  test -pieces  made  by  our  process  having  withstood  seven  blows 
of  3,000  foot-pounds  each,  and  having  by  them  been  broken  alxmt  one- 
half  through,  was  laid  aside  for  one  ye^ir,  when  it  was  retested  in  the 
presence  of  a  delegation  of  the  mining  engineers,  and  broke  square  in 
two  at  the  first  3,000  foot-pound  blow,  other  pieces  from  same  bar  hav- 
ing withstood  secen  and  nine  such  blows,  finally  rupturing  with  long 
s])lintered  fractures,  as  though  torn  in  two,  while  the  piece  which  was 
rested  broke  in  such  manner  as  to  show  that  it  had  become  very  brittle. 

Iron  L. 

Record  of  tests  of  bars  by  tension,  Xos.  811  to  834. 

Com]mrisons  of  bars  and  links,  page  67. 

Chemical  analyses,  Nos.  136,  138,  139,  145,  146,  184,  185. 

Five  bars  were  ftimished  to  compete  with  the  nine  irons.  All  forms 
of  test  indicated  that  the  material  was  steel,  which  analyses  subsequently^ 
confirmed.  The  tensile  strength  was  great ;  reduction  of  area,  abrui)t ; 
power  of  resistance  to  impact,  very  slight  when  scored,  but  fair  when 
not  scored;  welding  value,  low;  strengtii  of  links,  very  irregidor. 

The  manufacturers  being  informed  that  the  material  was  unsuitable, 
furnished  two  other  bars,  one  of  f "  and  one  of  |'',  both  of  which  with- 
stood impact  well  and  i)osses8ed  great  tensile  strength.  (See  experi- 
ments 1,  2,  and  3,  "  Investigation  of  the  elevation  of  limit  of  stress,'' 
pages  230  and  231.)  It  was  claimed  that  these  bars  made  by  the  same 
process,  but  with  less  carbon,  would  make  good  chain-iron.  We  did  not, 
however,  test  them  as  cable,  the  size  and  quantity  being  too  small  to 
enable  us  to  obtain  any  results  of  value.  Analyses  confirmed  the  state- 
ment that  the  |"  i^ossessed  less  carbon  than  the  other  bars,  which  ranged 
ti*om  212  per  cent,  to  453  per  cent.,  while  the  |''  had  .042  per  cent,  and 
the  f "  .229  per  cent. 

Iron  M. 

Record  of  bare  tested  by  tension,  Nos.  835  to  1229. 
Record  of  bare  tested  by  impact,  page  216. 
Comparison  of  bare  and  links,  pages  68  to  75. 
Chemical  analysis,  129, 133, 147,  155, 157, 15b,  159, 160, 161. 

A  great  number  of  tests  were  made  upon  this  iron,  both  by  physical 
and  chemical  processes.  It  was  delivered  as  chain -iron  at  a  number  of 
different  times  and  lots.  The  bars  of  these  lots  varied  greatly  among 
themselves,  and  the  lots  differed  in  many  respects. 

The  iron  as  bars,  imheated,  had  generally  every  indication  of  value, 
the  tensile  strength  being  great,  although  irregular,  and  the  reduction 
of  area  and  elongation  under  tension  were  good.  Some  of  the  bars  re- 
sisted impact  well ;  others  broke  square  in  two  when  being  bent  cold, 
with  very  slight  closure. 

As  cable  the  iron  proved  very  defective  and  irregular.  The  trouble 
with  it  seemed  to  be  that  if  not" welded  at  exactly  the  right  heat  (a  very 
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low  one)  the  part  of  the  link  upon  which  the  weld  was  made,  lost  its 
strength  by  the  i)roce8s,  and  in  many  cases  when  tested  the  links  would 
break  through  the  weld  at  very  low  strains,  showing  little  or  no  change 
of  form  and  the  fractured  ends  remaining  unreduc^  in  diameter.  (See 
Fig.  5,  Plate  II). 

The  strength  of  the  links  depending  thus  upon  that  of  a  section  of 
each,  which  had  been  more  or  less  weakened  according  to  the  degree  of 
lieat  employed  in  welding,  was  very  irregular,  and  frequently  very  low, 
ranging  as  follows  : 

li''  sections  from  123,500  to  92,000  pounds. 
lyY'  sections  from  117,000  to  77,000  pounds. 
l|^'  sections  from  136,600  to  95,000  pounds. 
l|"  sections  from  169,000  to  140,000  pounds. 
1%"  sections  from  187,000  to  125,000  pounds. 
l|''  sections  from  225,600  to  212,000  pounds. 
1^^"  sections  from  228,600  to  210,000  pounds. 
2"     sections  from  278,000  to  255,000  pounds. 

The  weak  links  breaking  generally  "through  the  weld,"  a  form  of  rup- 
ture which  is  not  a  common  one,  for  in  breaking  altogether  435  links  but 
116  broke  through  the  weld,  and  of  these  79  were  of  iron  M,  of  which  124 
links  were  broken.    (See  notes  on  welding,  pages  27  and  258.) 

A  number  of  bolts  of  this  iron  cracked  while  being  bent  to  link  form, 
in  the  "link-bender." 

Supplementary  chemical  analyses,  Nos.  209  to  215,  inclusive,  were  made 
upon  this  iron,  the  results  of  which  are  incorporated  in  the  comparison 
of  physical  and  chemical  results.  They  full}'  confirm  the  %iews  expressed 
£knil  deductions  made  from  the  preceding  tests. 

Iron  K". 

Record  of  tests  of  bars  by  tension,  Nos.  1230  to  1245. 
Record  of  tests  of  bars  by  impact,  page  217. 
Comparisons  of  bars  andliuks,  page  76. 
Chemical  analyses,  Nos.  149  and  150. 

The  bars  of  this  iron  (8  in  number)  were  furnished  to  the  committee 
'by  a  leading  manufacturer  as  samples  of  *' first-class  chain-iron,"  and 
tUey  were  probably  a  fair  sample  of  the  ordinary  character  of  such  chain- 
iron;  tested  by  tension  the  strength  was  generally  high,  change  of  form 
slight. 

Under  Impact  the  large  bars  were  very  brittle^  the  2"  breaking  by 
"blows  when  unscored,  which  the  1|"  resisted  after  bemg  scored.  As  cable 
the  If  was  superior  to  the  2".  The  fault  with  this  iron  wa«  too  little 
^work,  the  large  bars  receiving  much  less  than  the  small  ones.  ( See  Inves- 
tigation of  the  effect  of  the  rolls,"  page  20.) 

Iron  O. 

Record  of  tests  of  bars  by  tension,  Nos.  1240  to  1254. 
RecoM  of  tests  of  bars  by  impact,  page  218. 
Comparison  of  bars  and  Unks,  paze  77. 
Chemical  analyses,  Nos.  153  and  154.  * 

Nine  bars  of  this  iron  were  procured  for  experimental  jiurposes,  no 
cliarge  being  made  for  them. 

It  is  in  no  sense  of  the  word  a  chain-iron,  and  its  merits  should  not 
"be  judged  by  its  action  in  the  form  of  cable. 
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The  material  was  soft  ehareoal-bloom,  and  of  high  price. 

It  proved  of  vahie  iu  our  experiments  upon  the  effect  of  the  rolls,  and 
as  iiiniishing  lis  with  data  as  to  the  extreme  of  change  of  form  which 
would  occur  to  a  link  of  veiy  soft  ircm  under  stress.  Although  too 
ductile  and  soft  for  chain-iron,  some  of  the  larger  sizes  piwluced  good 
links,  while  the  smaller  sizes  were  overworked  for  the  purpose  and  did  not. 

The  average  percentage  of  bar's  strength  of  the  2",  lj'%  and  1  J"  huks 
was  172  per  cent.;  that  of  the  1'',  IJ",  and  IJ"  was  153  per  cent.;  the 
average  tenacity  of  the  first  thi^ee  sizes  being  48,018  pounds,  that  of  the 
last  three  53,479  poimds. 

Lender  imjiact  this  iron  proved  remarkably  tough  and  displayed  the 
phenomena  of  '* barking.''    (See  Plate  XII.) 

Irons  P  and  Px. 

Record  of  Viars  tested  Ity  tension,  Xos.  l^oo  to.  l:!"**^. 
Keeord  of  bars  tested  by  impact,  i>ages  '219  to  'Z'J'^. 
Comparison  of  bars  and  links,  pages  7c?  to  cU. 
Cliemical  analyses,  Nos.  151,  1.V2. 

These  irons  were  made  at  the  same  rolling-mill,  and  when  the  physical 
tests  were  made  upon  P.r  it  was  considered  to  be  of  the  same  material 
as  P,  and  the  diti'erences  in- their  characteristics  were  attributed  to  vari- 
ations in  the  mechanical  luocesses  by  which  they  were  produced,  P 
having  received  one  course  of  hearing  and  hanimering  which  was 
omitted  with  Fx,  Subsequent  chemical  analyses  showed  marked  difl'er- 
ences  in  the  nature  of  the  two  irons;  the  results  of  the  analyses  were 
<'onlirmed  by  a  letter  from  the  manufacturer,  in  which  he  states  that  he 
l)erceives  that  the  weak  point  of  previous  lots  (iron  P)  was  the  lack  of 
transverse  strength  when  scored,  t\ud  that  he  has  in  this  lot  (Pa-)  over- 
come the  dithculty  without  essentially  loweiing  the  tensile  strength;  this 
was  effected  by,  first,  the  selection  and  rigid  puddling  of  pig-iron,  as  tree 
from  phosi>horous  as  pos-sible,  and  then  using  a  physic  which  tended  to 
eliminate  the  silicon  and  sidphur,  and  then  to  the  omission  of  the  ham- 
mering. The  result  of  these  experiments  by  the  manufacturer  to  correct 
the  defects  found  at  the  testing  machine  was  the  production  of  a  sui)erior 
chain-iron^  which  resisted  impact  well  and  welded  firmly.  The  api>ear- 
ance  of  its  fi-acture  by  impact  is  shown  in  Plate  XIII,  Fig.  1,  and  when 
tested  as  cable  it  developed  from  159  to  1G9,  averaging  164  per  cent,  of 
bar's  sti^ength,  iron  P  having  averaged  154  per  cent,  by  irregiilar  factors. 

Part  2. — Comparison  of  chemical  and  physical  results. 

Variations  in  the  physical  qualities  of  iron  may  be  due  to  different 
composition,  or  to  different  treatment  in  manufacture,  or  to  both  these 
complex  causes.  In  order  to  determine  the  specific  causes  of  variation^ 
one  class  of  altering  conditions  should  be  made  to  vary  largely,  while 
the  other  classes  should  be  kept  unifomi.  Then  another  class  should  be 
varied,  and  so  on,  until  the  value  of  each  is  ascertained.  As  all  the 
irons  under  consideration  were  intended  to  have  that  purity  and  refine- 
ment which  was  deemed  mdisi)ensable  in  chain-cables,  their  chemical 
analyses  are  perhai)s  more  important  in  provuig  that  physical  variations 
result  chiefly  from  treatment,  than  in  pointing  out  the  specific  eftects  of 
certain  ingreclients.  AVhile  the  subject  of  treatment — especially  the  m- 
crease  of  strength  by  gi*eater  reduction  in  rolling — may  be  the  more 
important  one,  it  can  be  best  appreciated  after  we  have  familiarized  our- 
selves with  the  general  chemical  and  physical  characters  of  the  irons.  The 
typical  facts  are  given  in  the  following  tables : 
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Table  IL — Relative  values  of  irons  in  bars,  in  tenacity ^  reduction  of  area,  and  elongation, 

and  in  proportion  of  chain  to  bar. 
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Table  I.  Analyses  of  the  irons. 

Table  II.  Eelative  vahies  of  irons  in  bars,  in  tenacity,  reduction  of 
area,  and  elongation,  and  in  proportion  of  chain  to  bar. 

Table  III.  Siumnary  of  principal  physical  and  chemical  characteristics 
of  sixteen  irons. 

Under  the  head  of  phosphonis  the  leading  chemical  and  physical  facts 
about  each  iron  likely  to  be  aftected  by  this  element  are  compared,  and 
then  the  group  of  irons  is  considered  and  a  conclusion  is  reached ;  under 
the  head  of  silicon  the  irons  are  again  gone  over  in  a  similar  manner, 
and  so  on  Tvith  carbon  and  other  ingredients.  A  description  of  a  few 
irons  in  which  composition  should  have  the  greatest  influence  on  strength 
will  suflice  to  introduce  these  conclusions. 

Effects  of  pliosjyJiorus, 

Iron  0.— P.  0.07,  Si.  0.07,  C.  0.04.    Slag  medium. 

Chemical  impurities  all  very  low. 

The  iron  had  been  thoroughly  worked. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  as  bar  and  as  link  \eiy  high. 

"Welds  very  good. 

Low  jihosphonis  does  not  alone  account  for  these  qualities.  Iron  P, 
with  P.  0.20,  Si.  0.16,  and  C.  0.03,  has  about  the  same  tenacity  and  weld- 
ing power,  and  approaches  the  same  ductility.  Iron  P,  with  P.  0.25,  Si. 
0.18,  an<l  C.  0.033,  has  about  equal  ductility,  but  inferior  welding  quali- 
ties. Seeing  that  the  thorough  working  of  the  small  bars  decreased 
welding  power,  as  compared  with  that  of  the  less  compressed  large 
bars,  it  is  i)robable  that  method  of  maiuitacture  is  an  important  factor 
in  all  physical  residts.  The  etfects  of  low  phosphorus  are  not  conspicu- 
ous. 

Iron  P.— P.  0.25,  Si.  0.18,  C.  0.03.    Slag  very  low. 

P.  rather  high,  C.  medium;  other  impurities  low. 

Tenacity  high  as  bar;  irregular  as  link. 

Ductility  high  when  not  nicked;  low  when  nicked.  Welding  value, 
medium  through  overwork,  and  possibly  high  P. 

Iron  Px.— P.  0.09,  Si.  0.028,  C.  0.66. 

This  iron  had  the  highest  average  of  good  qualities  of  the  commercial 
bars  examined,  and  was  the  best  for  general  construction  purposes.  The 
characteristic  effects  of  phosphonis,  might,  pre^'ious  to  our  investigation 
into  the  effects  of  reduction,  have  been  considered  as  shown  by  the 
behavior  of  two  specimens,  one  of  iron  P  and  one  of  Px,  made  in  the 
name  way,  except  that  one  course  of  piling  and  hammering  was  omitted 
from  Px,  viz : 

1-inch  bar  iron  P,  phos.  0.25,  tenacity  57,807  pounds,  elongation  19 
per  cent. 

l^-inch  bar  iron  Px,  phos.  0.09,  tenacity  54,212  pounds,  elongation  24 
per  cent. 

But  this  increased  tenacity  and  decreased  ductility  of  the  smaller  bar 
are  not  due  to  P.  alone;  it  had  Si.  0.18  against  Si.  0.03,  and  it  had  more 
reduction  in  the  rolls. 

The  difference  in  the  tenacity  of  the  bars  of  the  same  sizes  of  iron  P, 
vhich  may  be  considered  as  probably  of  similar  composition,  was  nearly 
5,000  pounds,  while  between  the  bars  in  question,  of  P  and  Px,  it  was  but 
3,600  pounds. 

P.  may  have  affected  the  welding  qualities  and  the  ductility,  as  Px, 
'with  much  less  of  this  element,  welded  nuich  better,  and  had  greater 
powers  of  resisting  siulden  strains. 
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Iron  D.— P.  0.18  (0.12  to  0.24),  Si.  0.15,  C.  0.03.    Slag  low. 

Carbon  low;  other  iniinui ties  medium. 

Different  bars  very  differently  worked. 

Tenacity  high  as  bar  and  link. 

Ductility  medium  as  bar  and  link. 

Welds  very  good. 

There  are  various  proofs  that  low  i)hosphonis,  even  with  low  silicon, 
do  not  make  high  ductility,  and  that  the  amount  of  reduction  is  the  more 
important  factor.    For  instance: 

1-inch  bar,  P.  0.24,  Si.  0.17,  has  tenacity  per  square  inch,  61,000  pounds ;  elongation, 
26  per  cent. 

H-inch  bar,  P.  0.16,  Si.  0.11,  has  tenacity  per  square  inch,  56,000  pounds ;  elongation, 
23  per  cent. 

2-iuch  bar.  P.  0.21,  Si.  0.16,  has  tenacity  per  square  inch,  49,146  pounds:  elongation, 
0.07  per  cent. 

The  welds  of  the  medium  sized  and  worked  bars  were  best,  but  all 
were  good.    No  harmful  effect  of  phosphoiiis  can  be  trace^l  in  this  iron. 

Iron  B  welded  best,  and  had  P.  0.23  and  C.  0.015. 

Iron  F.— P.  0.20,  Si.  0.16,  C.  0.03.    Slag  low. 

Carbon  low ;  other  impurities  medium. 

Iron  suitably  worked  for  welding,  and  very  uniform. 

Tenacity  a«  bar  and  as  link  very  low. 

Ductility  high. 

Welding  power  good. 

The  remarkable  uniformity  of  this  iron  proves  it  to  have  been  made 
with  great  care  from  selected  materials.  Why  its  tenacity  is  so  low  it  is 
difficiUt  to  say  on  chemical  grounds.  The  same  iron,  Fz,  more  worked, 
gives  a  medium  tenacity^  with  substantially  the  same  analysis.  Iron  A, 
with  less  P.,  Si.,  and  C,  is  stronger.  Iron  E  has  lower  P.,  the  same  Si., 
and  onlv  0.02  C,  and  yet  a  higher  tenacity. 

Iron  Px  (F  more  worked).— P.  0.19,  Si.  0.17,  C.  0.03. 

Ingredients  substantially  the  same  as  in  F. 

Iron  much  more  worked  than  F. 

Tenacity  medium  in  link  and  bar. 

Ductility  good. 

Welding  power  below  medium. 

Iron  B.— P.  0.23,  Si.  0.16,  C.  0-015. 

P.  rather  high^  Si.  medium,  and  C.  very  low. 

Iron  not  sufficiently  worked  for  strength. 

Tenacity  rather  low. 

Ductility  quite  low. 

Welds  very  good. 

Notwithstanding  the  extremely  low  C,  the  iron  was  not  ductile.  P. 
may  well  account  for  this,  but  not  for  low  tenacity,  as  some  of  ii-on  P 
had  more  P.  and  much  higher  tenacity.  Low  C.  may  partly  account  for 
low  tenacity  and  good  welds,  but  small  reduction  seems  to  be  an  equal 
cause.    High  P.  did  not  prevent  excellent  welding. 

Iron  M P.  0.22  (0.21  to  0.32),  Si.  0.18  (0.16  to  0.26),  C.  0.04,  S".  0.18 

(0.03  to  0.34),  Cu.  0.34  (0.13  to  0.43).    Slag  various. 

P.  rather  high  j  Si.  above  medium ;  copper  and  nickel  high ;  C.  rather 
low. 

The  amount  of  work  the  iron  received  can  only  be  inferred  from  the 
sizes  of  the  bars. 

Tenacity  considerably  above  avemge. 

Ductility  average. 

Welds  weak. 
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The  character  of  this  iron  is  so  complex,  and  its  physical  character 
varies  so  much  in  the  same  sized  bars,  that  no  satisfactory  analysis  of 
the  data  can  be  made.  It  seems  certain,  fi*om  a  comparison  of  the  tables, 
that  neither  copper,^  nickel,  cobalt,  nor  slag  materially  aftected  strength. 
The  effects  of  these  ingredients  on  welding  will  be  considered  under 
another  head.* 

Conelxmom  dboui  phosphorus. — The  best  of  these  irons  average  P.  0.09 
to  0.20.  The  extreme  fimits  are  0.065  and  0.317.  A  soft  boiler-plate 
steel  might  have  the  former  amoiuit ;  the  latter  would  give  high  tenacity 
and  brittleness  to  even  a  low-carbon  steel.  The  investigations  have 
been  made  so  difficult  by  the  chemical  similaritj'  and  general  purity  of 
most  of  the  irons,  and  by  their  various  degrees  of  reduction  in  rolling, 
that  the  effect  of  phosphorus  cannot  be  independently  tra<jed.  While 
special  bars  haAing  chemical  and  structural  conditions  otherwise  similar, 
seem  to  be  increased  in  tenacity  and  brittleness  by  high  phosphorus, 
other  bars  low  in  this  element  are  not  the  mildest. 

The  phosphonis  (average  in  each  iron)  nins  verj'  irregularly,  as  follows, 
beginning  with  the  highest  of  thefollowing  phvsical  values :  Tenacity, 
0.72,  0.15,  0.20,  0.17,  0.22,  0.25,  0.19,  0.19,  0.09,  0.15.  0.19,  0.23,  0.18, 


It  may  be  generally  stated  that  phosphorus  0.10,  with  carbon  about 
0.03  and  silicon  under  0.15,  gave  the  best  chain-cable  irons  of  this  group. 
One  of  the  best  irons,  however,  had  P.  0.23,  although  low  tenacity  and 
high  ductility  are  the  chief  requirements  of  such  irons. 

The  effects  of  the  different  constituents  on  welding  will  be  considered 
under  that  head. 

Effects  of  silicon. 

See  foregoing  descriptions  of  irons  0,  P,  P,  and  M. 

In  iron  !r,  which  is  among  the  highest  in  ^con,  did  this  element 
cause  the  very  low  tenacity  despite  the  fair  amount  of  P.  (0.20)!  If  so. 
Si.  must  Jtffect  tenacity  more  than  it  affects  ductility.  But  this  is  not 
the  fact.  In  iron  J,  ductihty  as  well  as  tenacity  is  reduced  very  low  by 
high  Si.  (0.27). 

Iron  J.— Si.  0.27  (0.18  to  0.32),  P.  0.20,  C.  0.035.    Slag  average. 

Silicon  high ;  other  impurities  medium. 

Iron  not  overworked. 

Tenacity  very  low  in  bar  and  link. 

Ductility  very  low  in  bar  and  link. 

Weld  rather  bad. 

There  was  no  apparent  chemical  or  physical  cause  for  this  low 
strength,  except  excessive  silicon.  Under  sledge  blows  the  bars  split 
as  often  as  they  broke  off',  and  the  faces  of  the  fracture  were  like  layers 
of  charcoal,  although  both  carbon  and  slag  were  medium. 

Conclusions  about  silicon. 

No  ingredient  of  steel  is  less  understoo<l  than  this  one.  The  techni- 
cal managers  of  the  Terrenoire  Works  in  France,  who  have  been  nota- 

*  Chromiittn  occurs  only  in  iron  M,  four  analyses  of  which  show  Cr.  0.061  to'  0.080. 
As  this  element  is  known  to  increase  the  tenacity  of  steel,  it  may  have  brouffht  iron  M 
up  to  a  go<Kl  standard  of  tenacity  without  helping  its  other  stnictural  qualities.  These 
experiment*  give  no  absolute  evidence  as  to  the  eftects  of  chromium,  but  it  may  be 
said  that  when  mere  tenacity  is  made  the  criterion  of  fitness,  an  iron  like  M  may  be 
found  which  will  meet  that  requirement  and  still  prove  untrustworthy  for  cables. 
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bly  successful  in  their  steel  manufactures  fountled  on  cliemical  induc- 
tion, especially  in  the  manufacture  of  sound  steel  castings  which  contain 
a  large  amount  of  Si.,  believe  that  this  ingredient,  up  to  the  amount 
contained  in  most  of  the  irons  we  are  considering,  does  not  decrease 
the  tenacity  or  ductility  of  steel.  And  it  is  true  that  good  steels  are 
made  by  various  processes  with  as  much  as  0.20  Si.  It  is  l)elieved  by 
the  Terrenou'e  managers  that  silica  is  the  cause  of  the  bad  effects  usually 
attributed  to  silicon.  The  table  of  analyses  will  show  that,  in  this  case, 
the  ore  has  not  been  mistaken  for  the  metal.  The  slag,  which  contains 
the  silica,  has  been  separately  determined.  'VMiy  wrought  ii'on  should 
differ  fi'om  steel  in  respect  of  the  effects  of  Si.  we  have  not  so  far  been 
able  to  detennine,  if,  indeed,  it  does  so  differ.  It  can  only  be  said,  with 
reference  to  this  series  of  experiments,  that  there  is  an  apparent  de- 
crease of  strength  due  to  an  excess  of  this  element,  while  the  effects  of 
medium  amounts  of  it  are  ovei*shadowed  by  larger  causes.  The  ex- 
tremes of  Si.  were,  0.028  and  0.321,  In  the  best  irons  it  averaged  about 
0.15.  It  ran  as  follows,  with  a  regularlv  decreasing  order  of  value:  In 
Tenacity,  0.00.  0.15,  0.15,  0.15,  0.18^  0.18,"^  0.17,  0.16,  0.03,  0.16,  0.16, 0.16, 
0.14,  0.27,  0.16,  0.07.  Reduction  of  area,  0.07,  0.14,  0.03,  0.16,  0.16,  0.18, 
0.16,  0.16,  0.15,  0.18,  0.15,  0.15,  0.16,  0.17,  0.09,  0.27.  Elongation'.  0.03, 
0.18,  0.07,  0.14,  0.16,  0.16,  0.16,  0.18,  0.15,  0.17,  0.16,  0.15,  0.15,  0.16,  0.27, 
0.09. 

Effects  of  carbon. 

See  foregoing  remarks  on  iron  B,  in  which  C.  is  extremely  low. 

Iron  L. — C,  average  0.35,  highest  0.51;  P.,  0.10;  Si.,  0.10.     Slag  low 

Carbon  very  highj  other  impurities  quite  low. 

Tenacity  as  bar  highest. 

Ductility  as  bar  and  link  lowest. 

Welding  power  most  imperfect,  decreasing  as  C.  increases. 

The  following  table,  from  a  paper  by  WiUiam  Hackney,  esq.,*  is  val- 
uable in  this  connection,  as  showing  the  amounts  of  C.  in  various  well- 
known  brands  of  wrought  iron  and  steel : 

Percentages  of  carbon  in  some  varieties  of  iron  and  steel. 


SERIES  OF  THE  IRONS. 


Description. 
Soft  puddled  iron.  ^. 

Armor  plates 


Iron  rail 

Lowmoor  boiler-plate 

Staffordshire  boiler-plate. 

Hassian  bar-iron 


1 


Swedish  iron  bar 


Steely  puddled  iron 

Iron  made  by  Catalan  pro- 
cess direct  from  the  ore . . 

Soft  puddled  steel 

Puddled  steel  rail 

Hard  puddled  steel 


Percentage 
of  carbon. 

trace* 

0.016t 

0.033t 

0.044t 

0.09t 

O.lOt 

0.19t 

0.272t 

0.340t 

0.054t 

0.087t 

0.386t 

0.30  to 

traces! 

0.420t 

0.501t 


0.40t 


SERIES  OF  THE  STEELS. 


0.55t 

1.380t 


Description. 

Extra  soft  Fagersta  Bes- 
semer steel 

Extra  soft  Dowlais  Besse- 
mer steel 

Crewe  boiler-plate  steel, 
Bessemer  process 

Locomotive    crank-axles.  ^ 
Serainj^  Bessemer  steel  ^ 

Locomotive   crank  -  axle, 
by  Vickers,  Sheffield  . . 

Rail%and  tires 

Bessemer  spring-steel 

Crucible  steel : 

For  masons*  tools 

For  chipping  chisels . . . 
Crank-axle  (by  Krupp) 

Gun  (bv  Krupp) 

For  flat  files 

Forged  Indian  wootz  .... 


Percentage 
of  carbon. 


0.085^ 
0.135B 

0.22  to  0.24f  * 

0.31t 

0.49^ 

0.46* 

0.30  to  0.50 

0.45  to  0.551 

0.6* 

0.75* 

1.051 

1.18t 
1.20* 
1.645t 


*  Read  before  the  Institution  of  Civil  Engineers,  London,  April,  1875. 

*  A.  Willis.  t  J.  Percy.  X  A.  Greiner. 

$  D.  Forbes.  |j  Snelus.  f  F.  W.  Webb. 
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Iron  L  is,  therefore,  a  so-called  puddled  steel,  or  more  properly  a  weld- 
steel.  Sine^  its  impurities,  other  than  C,  are  so  small,  it  is  impossible 
to  avoid  the  conclusion  that  C.  is  the  cause  of  its  inarked  physical 
character.    This  is  more  plainly  shown  by  the  following : 

l^incli  bar,  C.  0.45,  has  nearly  70,000  pounds  tenacity  per  squai-e  inch,  and  6.5  per 

cent,  elongation. 
If-inch  bar,  6.  0.51,  has  67,000  pounds  tenacity  per  square  inch,  and  6.5  i)er  cent. 

elongation. 
l|i-incli  and  l^J-inch  bars,  C.  0.21  to  0.25  have  average  58,000  pounds  tenacity  per 

bquare  inch,  and  13  per  cent,  elongation. 

Iron  K— C,  O.OT;  P.,  0.15;  Si.,  0.15.     Slag  low. 

C.  slightly  high ;  other  impurities  medium. 

Iron  well  worked  and  veiy  uniform. 

Tenacity  as  bar  and  link  very  high. 

Ductility  below  medium. 

"Welding  power  quite  low. 

The  ductilitv  was  verv  feir  when  the  bar  was  not  nicked.  The  fracture 
was  fine  and  silvery,  like  that  of  low  steel.  These  facts,  and  the  medium 
amounts  of  other  imi>imties,  i)oint  to  C.  as  the  hardening  element. 
Irons  having  similar  amounts  of  P.  and  Si.,  and  low  carbon,  like  irons 
A  and  C,  have  lower  tenacitv  and  higher  ductilitv. 

Iron  E.— C.  0.018,  P.  Ois/Si.  01(>. 

C.  very  low ;  other  impurities  medium. 

Tenacity  below  average. 

Ductility  high. 

Welding  power  pretty  good. 

These  phenomena  seem  to  be  connected  with  low  carbon. 

Caticlmions  about  carbon, — So  nmch  is  known  concerning  the  influ- 
ence of  C.  on  both  wrought  iron  and  steel,  that  there  is  little  danger  of 
falling  into  error  about  it.  The  irons  under  consideration  have  C.  abnost 
exclusively  low  and  pretty  uniform ;  the  exceptional  cases  give  very 
marked  physical  results,  especially  iron  L,  which  is  the  only  one  really 
liigh  in  C.  The  other  irons  ranged  between  0.015  and  0.07.  Carbon 
ran  with  the  following  decreasing  order  of  value:  In  Tetiacityy  0.35, 0.068 
€.032,  0.042,  0.044,  0.033,  0.055,  0.032,  0.066,  0.032,  0.032,  0.015,  0.002, 
0.036,  0.026,  0.043.  Reduction  of  area,  0.043,  0.002,  0.066,  0.026,  0.032, 
€.033,  0.032,  0.032,  0.032,  0.044,  0.042,  0.068,  0.015,  0.055,  0.35,  0.036. 
JBlongatUm,  0.066, 0.033, 0.043, 0.002, 0.032, 0.026,  0.032, 0.044,  0.032, 0.055, 
€.032,  0.042,  0.068,  0.015,  0.036,  0.35. 

It  seems  thus  easy  to  vary  the  physical  qualities  of  puddled  iron  by 
carbon :  but  whether  or  not  it  is  easy  to  uniformly  vary  the  carbon  in 
puddled  iron,  the  checkered  history  of  the  "  puddled-steel "  process  will 
show.  As  we  shall  observe  farther  on,  for  uses  in  which  the  value  of  an 
iron  depends  on  the  strength  of  the  particular  kind  of  weld  given  to 
these  links,  C.  must  be  under  0.04 ;  but  for  uses  in  which  the  strength 
of  the  bar  is  the  measui'e  of  fitness,  C.  may  run  up  to  0.50  or  more. 

Manganese  is  so  very  lo\^  in  all  these  irons  that  its  efl:ects  cannot  be 
traced.  It  is  highest  in  one  lot  of  iron  D,  viz,  0.097 ;  but  even  this 
could  have  little  eftect,  in  view  of  the  fact  that  Mn.  is  often  three  times 
as  high  in  very  soft  steels,  and  sometimes  runs  above  1  per  cent,  in 
low  structural  steels.  Mn.  seems  to  toughen  steel,  and  to  make  it  cast 
sound ;  its  hardening  effect  up  to  Mn.  0.20  to  0.30  is  slight. 

Copper  is  very  low  in  all  the  irons,  except  M  (Cu.  0.31  to  0.43),  which 
has  about  the  average  tenacity  and  ductility.  Cu.  is  next  highest  (Cu. 
€.17)  in  iron  A,  which  has  rather  low  tenacity,  but  very  high  ductility, 
on  account  of  its  low  carbon  (C.  0.02).  These  experiments  furnish  no 
evidence  that  copper  affects  strength.  Its  effect  on  welding  will  be  fur- 
ther considered. 
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Nickel  was  only  tigh  (Si.  0.34)  in  some  of  the  bars  of  iron  M,  but  flid 
not  appear  to  aftect  their  strength.  That  it  may  have  helped  their  weld- 
ing capacity  is  further  referred  to. 

Cobalt  was  so  low  (Co.  0.11  maximum)  that  its  effects  on  strength 
could  not  be  traced.  Possibly  copper  may  have  been  neutralized  by  ]^i- 
and  Co.  in  its  effect  on  strength,  but  these  data  are  not  evidence  one 
way  or  the  other. 

Sulphur  was  extremely  low  in  all  the  irons,  S.  0.046  being  the  highest 
percentage  in  one  lot  of  iron  M.  So  little  S.  did  not  affect  welding 
power,  as  we  shall  observe  farther  on ;  and  it  could  hardly  impair 
strength,  when  irons  red-short  from  much  S.  are  usuallj^  strong. 

Slag. — This  averages  about  1  per  cent.  It  is  lowest  in  iron  L  (slag 
0.38),  and  highest  in  the  2-inch  bar  of  iron  BT  (slag  2.26).  This  bar 
had  51,700  lbs.  tenacity,  and  8.7  per  cent,  elongation;  while  the  IJ-inoh 
bar  of  iron  N,  with  1.258  slag,  had  56,000  pounds  tenacity  and  21.7  per 
cent,  elongation.  Was  this  the  result  of  too  little  workon  the  larger 
bar,  or  of  the  slag  per  sef  Is  the  presence  of  much  slag  merely  an  in- 
dication of  too  little  work^'f  a  loose  structure  resulting  from  too  little 
condensation  of  the  fibers !  Or  does  the  slag,  as  slag,  or  dirt,  exert  an 
independent  weakening  influence  f  Keferring  to  the  table  of  analyses, 
we  find : 


Iron. 


L 
L 
L 
L 
L 
L 
L 


1 

Size. 

Slag. 

In, 

♦ 

0.668 

) 

0.388 

1^ 

0.19S 

1 

0. 3'J6 

H 

0.30e 

lis 

0.452 

0.376 

Iron. 


0 
0 
P 
P 
D 
D 


Slig. 


1.096 
0.974 
0.848 
1.214 
0,570 
0.546 


It  appears  that  the  smallest  and  most  worked  iron  often  has  the  most 
slag.  It  is  hence  reasonable  to  conclude  that  an  iron  may  be  dirty  and 
yet  thoroughly  condensed ;  and  it  therefore  seems  probable  that  the  1 J- 
inch  bar  of  iron  N  was  4,300  pounds  stronger  than  the  2-inch  bar,  partly 
because  it  had  1  per  cent,  less  slag.  The  1-inch  bar  of  iron  P  had  nearly 
58,000  pounds  tenacity,  while  the  If  bar  of  Px,  with  0.40  more  slag,  had 
a  little  less  than  53,000  pounds  tenacity.  It  is,  however,  impossible  to 
establish  any  close  conclusions  from  these  small  variations  of  slag.  The 
in  vestigation  requires  analyses  of  irons  equally  worked,  some  of  the 
specimens  being  purposely  made  very  dirty. 

WELDING. 


Before  comparing  the  irons  under  this  head,  it  may  be  well  to  briefly 
consider  the  heretofore  ascertained  facts,  and  the  speculations  which 
grow  out  of  them.  The  generally  received  theory  of  welding  is  that  it 
is  merely  pressing  the  molecules  of  metal  into  contact,  or  rather  into 
such  proximity  as  they  have  in  the  other  parts  of  the  bar.  Up  to  this 
point  there  can  hardly  be  any  difference  of  opinion,  but  here  uncer- 
tainty begins. 

What  impairs  or  prevents  welding  ?  Is  it  merely  the  interposition  of 
foreign  substances  between  the  molecules  of  iron  and  any  other  sub- 
stance which  will  enter  into  molecular  relations  or  vibrations  with  iron  t 
Is  it  merely  the  mechanical  ])reventing  of  contact  between  molecules,  by 
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the  inteqwsitioii  of  such  substances  !  This  theoiy  is  based  on  such  facts 
a«  the  following :  1.  Xot  only  iron,  but  steel,  has  been  so  perfectly  united 
that  the  seam  could  not  be  discovered,  and  that  the  strength  was  as 
great  as  it  was  at  any  point,  by  accurately  i)laining  and  thoroughly 
smoothing  and  cleaning  the  siu*faces,  binding  the  two  pieces  together, 
subjecting  them  to  a  welding  heat,  and  pressing  them  together  by  a  very 
few  hammer-blows.  But  when  a  thin  film  of  oxide  of  iron  was  i)laced 
between  similar  smooth  surfaces,  a  weld  could  not  be  eftected. 

2.  Heterogeneous  steel-scrap,  having  a  much  larger  variation  in  com- 
l)osition  than  these  irons  have,  when  placed  in  a  box  composed  of 
wi'ought-iron  side  and  end  pieces  laid  together,  is  (on  a  commercial  scale) 
lieated  to  the  high  temperatiue  which  the  wrought  iron  will  stand,  and 
then  rolled  into  bars  which  are  more  homogeneous  than  ordinary  wrought 
iron.  The  wrought-iron  box  so  settles  together  as  the  heat  increases  that 
it  nearly  excludes  the  oxidizing  atmosphere  of  the  fiiniace,  and  no  film 
of  oxide  of  iron  is  interposed  between  the  surfaces.  At  the  same  time 
the  inclosed  and  more  ftisible  steel  is  partially  melted,  so  that  the  im- 
I>urities  are  partly  forced  out  and  i)artly  diffused  throughout  the  mass 
by  the  rolling. 

The  other  theory  is  that  the  molecular  motions  of  the  iron  are  changed 
by  the  presence  of  certain  impiulties,  such  as  copi)er  and  carbon,  in  such 
n  manner  that  welding  cannot  occur  or  is  gTeatly  impaired.  In  favor  of 
this  theory  it  may  be  claimed  that,  say,  2  i>er  cent,  of  copper  will  almost 
prevent  a  weld,  while,  if  the  interi)osition  theory  were  tnie,  this  copper 
could  only  weaken  the  weld  2  per  cent.,  as  it  could  only  cover  2  per  cent, 
of  the  surfaces  of  the  molecules  to  be  united.  It  is  also  stated  that  1 
per  cent,  of  carbon  greatly  impaira  welding  power,  while  the  mere  inter- 
l>osition  of  carbon  should  only  reduce  it  1  per  cent. 

On  the  other  hand,  it  may  be  claimed  that  in  the  perfect  welding  due 
to  the  fiision  of  cast  iron,  the  interposition  of  10  or  even  20  per  cent,  of  im- 
purities, such  as  carl)on,  silicon,  and  copper,  does  not  affe<5t  the  strength 
of  the  mass  as  much  as  1  or  2  per  cent,  of  carbon  or  copper  affects  the 
strength  of  a  weld  made  at  a  phastic  instead  of  a  fluid  heat.  It  is  also 
true  that  high  tool-steel,  containing  1^  per  cent,  of  carbon,  is  much 
stronger  throughout  its  mass,  all  of  w'hich  has  been  welded  by  fusion,  than 
it  would  be  if  it  had  less  carbon.  Hence  copper  and  carbon  cannot  im- 
pair the  welding  power  of  iron  in  any  greater  degi'ee  than  by  their  in- 
terposition, pro\ided  the  welding  has  the  benefit  of  that  perfect  mobility 
vhich  is  due  to  ^sion.  The  similar  effect  of  i)artial  fusion  of  steel  in  a 
wrought-iron  box  has  already  been  mentioned.  The  inference  is  that 
imperfect  welding  is  not  the  residt  of  a  change  in  molecular  motions, 
due  to  impurities,  but  of  imperfect  mobility  of  the  mass — of  not  giving 
the  molecules  a  chance  to  get  together. 

Should  it  l>e  suggested  that  the  temperature  of  fusion,  as  compared 
with  that  of  plasticity,  may  so  change  chemical  affinities  as  to  account 
for  the  different  degrees  of  welding  power,  it  maybe  answered  that  the 
temperature  of  fusion  in  one  kind  of  iron  is  lower  than  that  of  plasticity 
in  another,  and  that  as  the  welding  and  melting  points  of  iron  are 
largely  due  to  the  carbon  they  contain,  such  an  imi)urity  as  copper,  for 
instance,  ought,  on  this  theory,  to  impair  welding  in  some  cases  and  not 
to  affect  it  in  others.    This  will  be  fiirther  referred  to. 

The  next  inference  would  be  that  by  increasing  temperature  we  chiefly 
Improve  the  quality  of  welding.  If  temperature  is  increased  to  fiision, 
welding  is  practically  perfect ;  if  to  i)lasticity  and  mobility  of  surfaces, 
wrelding  should  be  nearly  perfect. 

H.  Ex.  98 17 
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Then  how  does  it  sometimes  occur  that  the  more  irons  are  heated  the 
worse  they  weld  ! 

1.  Not  by  reason  of  mere  temperature ;  /or  a  heat  almost  4:o  dissocia- 
tion will  fuse  wrought  iron  into  a  homogeneous  mass. 

2.  Probably  by  reason  of  oxidation,  which,  in  a  smith's  fireesi)eciaUyy 
necessarily  increases  as  the  temi^erature  increases.  Even  in  a  gas-liir- 
nace,  a  very  hot  flame  is  usually  an  oxidizing  flame.  The  oxide  of  iron 
forms  a  dividing  film  between  the  surfaces  to  be  joined ;  while  the  slight 
interposition  of  the  same  oxide,  when  diffused  throughout  the  mass  by 
fusion  or  paitial  fusion,  hardly  affects  welding.  It  is  true  that  the  con- 
tained slag,  or  the  artificial  flux,  become  more  fluid  as  the  temi)erature 
rises,  and  thus  tend  to  wash  away  the  oxide  from  the  surfaces ;  but  in- 
asmuch as  any  iron,  with  any  welding  flux,  can  be  oxidized  till  it  scin- 
tillates, the  value  of  a  high  heat  in  liquefying  the  slag  is  more  than  bal- 
anced by  its  damage  in  burning  the  iron. 

3.  But  it  still  remains  to  be  explained  why  some  irons  weld  at  a  higher 
temperature  than  others ;  notably,  why  irons  high  in  carbon  or  in  some 
other  impurities  can  only  be  welded  soundly  by  ordinary  processes  at 
low  heats.  It  can  only  be  said  that  these  impurities,  as  far  a«  we  are 
aware,  increase  the  fusibility  of  iron,  and  that  in  an  oxidizing  flame  oxi- 
dation becomes  more  excessive  as  the  point  of  fusion  approaches.  Weld- 
ing demands  a  certain  condition  of  plasticity  of  surface ;  if  this  condi- 
tion is  not  reached,  welding  fails  for  want  of  contact  due  to  mobiUty ;  il' 
it  is  exceeded,  welding  fails  for  want  of  contact  due  to  excessive  oxida- 
tion. The  temperature  of  this  certain  condition  of  plasticity  varies  with 
all  the  different  compositions  of  irons.  Hence,  while  it  may  be  true  that 
heterogeneous  irons,  which  have  different  welding-points,  cannot  be 
soundly  welded  to  one  another  in  an  oxidizing  flame,  it  is  not  yet  prove<l, 
nor  is  it  probable,  that  homogeneous  irons  cannot  be  welded  together, 
whatever  their  composition^  even  in  an  oxidizinc^  flame.  A  coUateral 
proof  of  this  is  that  one  smith  can  weld  irons  and  steels  which  another 
smith  cannot  wekl  at  all,  by  means  of  a  skillful  selection  of  fluxes  and 
a  nice  variation  of  temperatures. 

To  recapitidate :  It  is  certain  that  perfect  welds  are  made  by  means 
of  perfect  contact  due  to  fusion,  and  that  nearly  perfect  welds  are  made 
by  means  of  such  contact  as  may  be  got  by  partial  fusion  in  a  non-oxi- 
dizing atmosphere  or  by  the  mechanical  fitting  of  surfaces,  whntever  the 
composition  of  the  iron  may  be  within  all  known  limits.  While  high, 
temperature  is  thus  the  first  cause  of  that  mobility  which  promotes  weld- 
ingj  it  is  also  the  cause,  in  an  oxidizing  atmosphere,  of  that  "burning'^ 
which  injures  both  the  weld  and  the  iron.  Hence,  welding  in  an  oxidizing^ 
atmosphere  must  be  done  at  a  heat  which  gives  a  compromise  between  im- 
perfect contact  due  to  want  of  mobility  on  the  one  hand  and  imperfect  con- 
tact due  to  oxidation  on  the  other  hand.  This  heat  varies  with  each  dif- 
ferent composition  of  irons.  It  varies  because  these  compositions  change 
the  fusing-points  of  irons,  and  hence  their  points  of  excessive  oxidation. 
Hence,  while  ingredients,  such  as  carbon,  phosphorus,  copper,  &c.,  posi- 
tively do  not  prevent  welding  under  fusion,  or  in  a  non-oxidizing  atmos- 
phere, it  is  probable  that  they  impair  it  in  an  oxidizing  atmosphere,  not 
directly,  but  only  bj'  changing  the  susceptibility  of  the  iron  to  oxidation. 

The  obvious  conclusions  are:  1st.  That  any  wrought  iron,  of  whatever 
ordinary  composition,  may  be  welded  to  itself  in  an  oxidizing  atmos- 
phere at  a  certain  temperature,  which  may  differ  very  largely  from  that 
one  which  is  vaguely  known  as  a  *' welding  heat."  2d.  That  in  a  non- 
oxidizing  atmosphere,  heterogeneous  irons,  however  impure,  may  be 
soundly  welded  at  indefinitely  high  temperatures. 


TESTS   OF  METALS.  259 

These  8i)eeiilations  may  throw  little  light  on  the  subject  of  welding. 
They  are  introduced  for  the  purpose  of  indicating  the  direction  of  further 
inquiry  and  exijeriment,  and  of  impressing  the  necessity  of  caution  in 
arriving  at  conchisions  about  these  irons  l^m  the  limited  data  afforded 
by  these  experiments. 

In  reviewing  the  experiments  with  reference  to  welding,  and  under  the 
precaution  mentioned,  let  us  observe : 

1st.  All  the  irons  were  so  very  low  in  sulphur  that  this  ingredient 
could  not  have  materially  affected  welding  power. 

2d.  As  we  shall  see  in  detafil,  farther  on,  the  irregular  differences  in 
the  working  and  reduction  of  the  bars  which  affected  all  other  physical 
propeities  affected  this  one  also. 

Let  us  first  take  the  singularly  impure  iron  M.  Its  surfaces  were 
pretty  well  united  by  welding,  but  the  iron  about  the  weld  was  weakened, 
esi)ecially  at  a  high  heat.  Of  124  ruptiures  of  links  made  of  this  iron,  79 
were  through  the  weld,  and  the  iron  was  little  distorted.  Of  311  rup- 
tures of  links  made  of  other  irons,  but  37  were  through  the  weld. 

The  1  J-inch  bar  of  iron  M  presents  an  exception ;  it  stands  high  on  the 
list  in  welding  capacity,  and  contains  copper  0.31  (average  Cu.  in  iron  M 
0.34).  Its  i)hosphorus,  slag,  and  silicon  are  about  average.  But  the  bar 
is  also  remarkable  in  containing  nickel  0.35  and  cobalt  0.11.  Did  these 
ingredients  neutralize  th^  copper  under  this  special  treatment!  No 
other  irons  contain  anv  notable  amount  of  them,  except  iron  A,  which 
has  Co.  0.07  and  Ki.  0.08;  but  it  also  has  Cu.  0.17.*  The  welds  of  this 
iron  were  very  strong,  the  links  breaking  oftener  at  the  butt  than  at  the 
weld. 

Two  links  made  from  iron  M  were  analyzed  from  specimens  taken  at 
the  weld  end  and  at  the  butt  end.  The  weld  end  had  been  reheated  and 
hammered  twice ;  the  butt  end  had  not  been  hammered,  and  had  received 
second  heat  only  by  conduction  from  the  other  end.  The  analyses  show 
that  silicon  and  slag  only  were  materially  affected  by  twice  heating  and 
hammering,  as  follows : 

Si.  Slag. 

IronM,  Hinchbar,  weld  end 0.182  0.998 

IronM,  H  inch  bar,  butt  end 0.203  1.074 

IronM,  If  inch  bar,  weld  end 0.177  1.388 

IronM^  IfinchbaT^  buttend 0.261  1.732 

In  oxidizing  to  siliea  the  Si.  difiFused  a  small  amount  of  flux,  which  should 
have  helped  welding  by  preventing  oxidation  or  by  carrying  off  oxide 
of  iron,  or  both ;  but  the  amount  was  so  very  small'in  this  case  that  its 
effect  cannot  be  traced.  2sor  does  iron  J,  in  which  Si.  was  highest  (0.18 
to  0.32),  confirm  this  theory.  Although  the  other  impurities  were  not 
high,  and  the  iron  was  not  overworked,  it  welded  rather  badly.  The 
value  of  short  chains  is  as  follows :  Best,  Si.  0.16,  0.14,  0.07,  0.03,  0.16, 
0.15,  0.17,  0.15,  0.17,  0.18,  0.16,  0.18,  0.15,  and,  including  J,  0.27. 

Phosphorus,  up  to  the  limit  of  J  per  cent.,  had  not  a  notable  effect  on 
welding.  It  was  lowest  in  iron  0,  which  welded  soundly,  but  all  im- 
l>urities  were  low,  and  welding  power  was  traced  to  the  reduction  of  the 
bar  by  direct  experiment.  The  same  is  true  of  iron  P.  Omitting  one 
course  of  piling  and  hammering  largely  helped  its  welding  power.  Iron 
P  welded  badly,  not  necessarily  on  account  of  its  P.  0.25 ;  for  iron  B, 
with  P.  0.23,  and  iron  D,  with  P.  0.18,  welded  soundly.    Iron  M  had  high 


I  ■  ■ 


*  This  iron  may  have  received  the  copper  while  being  rolled  in  a  train  ordinarily 
U8ed  for  copper  at  the  navy-yard,  Washington,  D.  C,  where  it  was  manufactured. 
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P.,  0.23  (0.21  to  0.32).  While  its  surfaces  stick  together  pretty  well,  the 
links  broke  through  the  weld  when  they  were  luaile  at  a  high  heat,  which 
may  be  accounted  for  by  the  fact  that  phosphorus  increases  fluidity,  aud 
hence  cai)acitv  for  oxidation.  The  value  of  shoii:  chains  is  in  the  follow- 
ing order:  Best,  P.  0.23,  0.18,  0.07,  0.09,  0.20,  0.20,  0.19,  0.17,  0.19,  0.25, 
0.19,  0.22,  0.15. 

Carbon  notably  affected  welding.  It  ran  as  follows  in  connection 
with  regularly  decreasing  welding  power :  Best,  C.  0.015,  0.002,  0.043, 
0.0G6,  0.026,  0.032,  0.032,  0.042,  0.055,  0.033,  0.032,  0.0044,  0.08,  and,  in- 
cluding L,  0.351. 

The  weld-steel,  or  steely  iron,  L  (C.  0.035),  when  treated  by  the  uni- 
form method  usually  adopted  for  chain-cable  irons,  made  the  worst  welds.' 
Iron  K,  with  carbon  so  low  as  0.07,  made  bad  welds,  although  it  was 
otherwise  a  gooil  average  chaiu-iron,  with  a  mediimi  amount  of  impurity. 
Carbon,  in  a  greater  degree  than  phosphorus,  promotes  fluidity,  hence 
the  iron  is  **  bunied  "  at  the  ordinary  welding  temperatiues  of  low-carbon 
irons. 

Slag  was  highest  (2.26  per  cent.)  in  the  2-inch  bar  of  iron  N,  which 
welded  less  soimdly  than  any  other  bar  of  the  same  iron,  and  below 
average  as  compared  with  the  other  irons.  Slag  should  theoretically 
improve  welding,  like  any  flux,  but  its  ettects  in  these  experiments  could 
not  be  definitel}'  traced. 

AVHAT  IS  LEARNED  FR03I  CHEMICAL  ANALYSES. 

So  far,  it  may  appear  that  little  of  use  to  the  makers  or  the  users  of 
wrought  iron  has  l^een  learned.    But  it  should  be  remembered  that  all 
these  irons  were  intended  to  be  as  nearly  as  possible  alike,  and  to  be 
adapted  to  the  peculiar  use  of  chain-cable.    The  makei-s  generally  un- 
derstood the  necessary  conditions,  and  every,  effort  was  made  to  reach 
this  special  standard  of  excellence.    Had  it  been  reached,  the  irons 
would  have  all  been  exactly  alike  in  physical  character,  and  presumably 
similar,  although  not  necessarily  alike  in  chemical  character,  for  certain 
ingredients  may  replace  others  within  limits  which  are  perhaps  narrow. 
Certainly  the  attempt  to  make  all  the  irons  conform  to  a  well-known 
standard  of  quality  was  the  worst  possible  way  to  ascertain  the  distinc- 
tive effects  of  the  various  altering  ingredients.    In  order  to  make  this 
latter  determination,  one  series  of  irons  should  have  been  made  as  uni- 
form as  possible  in  all  ingi^edients  except  one,  for  instance  phosphorus, 
and  that  one  should  have  been  varied  as  much  as  possible.    Another 
series  should  have  been  alike  except  in  silicon,  and  so  on  through  the  list 
of  altering  ingredients.    The  series  of  tests  which  the  board  has  under- 
taken on  steels  was  devised  upon  this  princii)le.    It  was,  however,  thought 
best,  after  the  physical  tests  of  these  irons  were  completed,  to  subject 
them  to  analysis,  in  the  hope  that  some  good  result  would  follow.     This 
hope  has  been  realized  in  an  unexpected  and  somewhat  surprising  manner. 

1st.  The  want  of  uniformity  in  the  chemical  composition  of  the  same 
brand  of  iron  is  a  conspicuous  defect  which  is  readily  accounted  for.  In 
iron  M  silicon  varied  from  0.16  to  0.26 ;  in  iron  J  it  varied  from  0.18  to 
0.325  in  iron  D  i)hosphonis  varied  frx)m  0.12  to  0.24,  and  in  ux)n  J  from 
0.14  to  0,29. 

Startiiig  with  a  uniform  pig-iron,  the  puddhng  process  may  or  may  not 
remove  a  large  amount  of  silicon,  phosphonis,  and  carlH)n,  according  to 
the  temperature  and  agitation  of  the  bath,  the  "  fix  "  used  in  the  furnace, 
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and  from  many  causes  under  the  puddler's  control,  and  dependent  on 
Lis  knowledge  and  skill. 

Such  variations  would  be  entirely  inadmissible  in  the  most  common 
giades  of  steel ;  in  fact,  they  could  not  occur  in  the  cheap-steel  processes, 
when  using  a  unilbmi  pig-iion,  except  by  a  special  effort.  In  the  Besse- 
mer process  the  completion  of  the  oxidation  of  silicon  and  cai^bon  is  ob- 
vious to  the  inexi)ert  observer ;  in  the  open-hearth  process  unmistakable 
tests  are  taken  dming  the  operation.  The  character  of  steel  can  be 
siu^ely  predicated  on  the  analysis  of  its  materials ;  that  of  wrought  iron 
is  altered  by  subtile  and  unobserved  causes.  Shoidd  it  be  urged  in  favor 
of  wrought  iron  that  P.  can  be  largely  removed  dming  its  manufacture, 
while  in  the  steel  manufactm^e  it  cannot  be,  it  mav  be  answered  that  there 
is  an  abundance  of  pig-irons  which  do  not  contain  much  P.,  and  it  is 
l>etter  to  be  sure  of  a  definite  amount  of  a  deleterious  ingredient  than 
to  nm  the  risk  of  a  variable  amount. 

We  are  not  prepared  to  show  the  exact  effect  of  varying  reduction  on 
steel.  Ingots  of  the  same  grade  of  steel,  from  6  inch  "square  to  14  inch 
square,  are  employed  for  the  same  sized  bars ;  the  larger  ones  are  pre- 
ferred, notwithstanding  the  greater  cost  of  working  them,  not  because 
small  ingots  will  not  make  good  bars,  but  because  they  make  too  much 
scrap.  Steel  dei)ends  comparatively  slightly  on  condensation  for  its 
density,  but  very  greatly  on  its  being  cast  from  a  fluid  state.  It  is  a 
crystalline  mass  in  both  large  and  small  ingots,  and  not  a  bundle  of  fibers 
of  iron  more  or  less  compacted. 

2d.  This  matter  of  varying  strength  due  to  varying  reduction — the 
most  important  developed  by  the  series  of  experiments — ^is  made  all  the 
more  certain  and  useful  by  the  analyses ;  for  without  a  knowledge  of  the 
comi)osition  of  the  bars  and  of  the  specific  effects  of  different  ingredi- 
ents, a  part  of  the  variation  now  traced  to  reduction  might  have  been 
attributed  to  composition. 

It  may  be  stated  in  general  terms  that,  notwithstanding  this  attempt 
at  uniformity,  the  differences  in  reduction  in  the  rolling-mill  from  pile 
to  bar  caused  as  much  variation  in  the  physical  qualities  of  these  irons 
as  did  the  differences  in  the  chemical  composition  of  the  whole  series  of 
irons,  excepting  the  steely  iron  L.  The  highest  difference  in  tenacity, 
due  apparently  to  varying  reductions,  is  11,969  pounds  per  square  inch. 
The  hightest  difference  between  the  average  tensional  resistances  of  all 
the  irons  (excepting  the  steely  iron  L),  due  to  all  causes,  is  but  7,109 
pounds.    The  following  illustrations  are  more  in  detail : 

IRON  p. 

Pounds 
per  sq.  in. 

Tenacity  of  1  inch  bar  (1.74  per  cent,  of  pile)  above  2  inch  (6.98  per  cent,  of 
pile) 6,973 

Elantic  limit  of  1  inch  bar  (1.74  per  cent,  of  pile)  above  2  inch  (6.98  per  cent. 

of  pile) : 7,352 

IRON  F.— SECOND  LOT. 

Tenacity  of  IJ  inch  bar  (2.76  per  cent,  of  pile)  over  2  inch  (5.23  per  cent,  of 

pile) 4,698 

Elastic  limit  of  1^  inch  bar  (2.76  per  cent,  of  pile)  over  2  inch  (5.23  per  cent, 
of  pile) 3,227 

IRON  F.— THIRD  LOT. 

Pounds. 
Tenacity  of  i  inch  bar  (1.60  per  cent,  of  pile)  over  2i  inch  (f  .13  per  cent,  of 

I»iW)  per  square  inch 9, 656 
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I  BOX  F.— THIRD  LOT.— Continued. 

Pounde. 
Tenacity  of  J  inch  bar  (3.68  per  cent,  of  pile)  over  4  inch  (15.70  per  cent,  of 

pile)  per  square  inch 7,786 

Elastic  limit  of  J  inch  bai'  (3.6S  per  cent,  of  pile)  over  4  inch  (15.70  per  cent. 

of  pile)  per  square  inch 15, 045 

Tenacity  of  1  inch  bar  (3.14  per  cent,  of  pile)  over  4  inch  (15.70  per  cent,  of 
pile)  per  square  inch 4,  &)6 

IRON  N. 

Tenacity  of  1|  inch  bar  (6.6*2  per  cent,  of  pile)  above  8  inch  (11.36)  per  cent. 

of  pile)  per  square  inch 4, 395 

t 

IRON  A. 

Tenacity  of  1  inch  bar  (3.14  per  cent,  of  pile)  over  2  inch  (8.72  i>er  cent,  of 
l)ile)  per  squai-e  inch 4. 519 

IRON  D. 

Difference  in  phosphorus  in  1  inch  and  2  inch  bars,  0.026;  other  ingi'edients 

about  alike. 
Tenacity  of  1  inch  bar  over  2  inch  bar 11, 969 

The  following  are  apparently  results  of  comi)Ositiou: 

COMP.\RATIVE  TENACITY  PER  SQUARE   INCH. 

PoiumU. 

Of  iron  highest  in  average  qualities  over  the  one  lowest  in  impurities 3, 136 

Of  most  tenacious  steelv  iron  (carbon  0.35)  over  least  tenacious  (carbon 
0.04).... *. 15,464 

3d.  The  variation  of  welding  power  by  reduction,  in  a  gi*eater  degree 
than  V)y  composition,  has  already  been  shown  in  detail.  Chemical 
analyses  were  necessary  to  establi.sh  this  fact. 

4th.  To  the  steel  maker  and  user  it  will  api)ear  somewhat  remarkable 
that  phosphorus  may  run  up  to  nearly  a  quarter  of  1  i)er  cent.,  in  good 
chain-cable  irons,  when  it  is  considered  that  low  tenacity  and  high  duc- 
tility are  the  essential  features  of  such  irons,  and  that  the  etfect  of  this 
ingredient  is  to  produce  exactly  opposite  results.  Suitable  working 
probably  counterbalanced  its  effects. 

5th.  The  comparison  of  chemical  and  physical  results  suggests  a 
number  of  exx>eriments  which  would  go  far  to  settle  vexed  questions 
and  improve  the  i)ractice,  especially  with  regard  to  welding. 

(1.)  Kegarding  slag,  it  has  been  shown  that  a  larger  amount  is  some- 
times found  in  a  well- worked  than  in  a  less  reduced  iron,  and  that  its 
effects  are  uncertain.  Experhuents  should  be  aiTanged  tp  show  what 
composition  of  slags  will  readily  come  out  of  the  pile  in  rolling ;  whether 
2-high  or  3-high  trains  will  best  remove  them,  and  how  much  and  what 
kind  of  slag  affects  strength  and  welding.  A  stable  oxide  of  ii*on,  which 
would  probably  do  the  most  harm,  could  be  formed  by  blowing  super- 
heated steam  upon  red-hot  bars  before  piling.  It  might  be  proved  that 
verj'  fusible  slags,  or  fluxes,  should  be  placed  in  the  pile  to  protect  sui'- 
faces  from  oxidation  and  to  wash  away  less  fusible  impiuities. 

(2.)  It  has  already  been  suggested  that  special  irons,  having  respect- 
ively a  certain  ingredient  in  excess  and  the  others  low  and  uniform, 
should  be  made,  in  order  to  ascertain  in  a  conspicuous  manner  the 
physical  effects  of  the  various  ingredients. 

(3.)  Referring  to  a  previous  recapitulation  of  remarks  on  welding : 
The  effects  of  very  different  teuiperatiu'es  on  irons  varying  in  composi- 
tion, as  compared  ^vith  that  uuitormly  high  temperature  usually  known 
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a8  a  "  welding  heat,"  should  be  much  more  carefully  ascertained.  And 
the  effects,  and  more  especially  the  means  of  welding  in  a  non-oxidizing 
flame,  where  mobility  of  surfaces  can  be  got  without ''  burning,"  should 
be  made  the  subject"  of  elaborate  experiments.  The  excellent  welding 
of  a  heterogeneous  mass  of  steel  and  iron,  protected  from  oxidation  by 
being  placed  in  an  uon  box  which  will  stand  a  high  heat,  has  been  refeiTed 
to.  The  system  of  gas-welding,  by  which  Mr.  Bertram  welded  boilers, 
at  Woolwich,  twenty  years  ago,  has  since  been  in  regular  use  by  the 
Butterly  Company',  m  England,  for  joining  the  members  of  wrought-iron 
beams  of  large  section.  It  should  seem  within  the  power  of  modern 
engineering  and  chemistry  to  pi*ovide  means  tor  the  perfection  in  a  non- 
oxidizing  atmosphere  of  welds  like  those  of  ships'  cables  and  bridge 
links,  upon  which  hang  so  many  lives  and  so  much  ti-easure. 

OOXCLUSIONS    DERIVED     FROM    A    COMPARISON     OF     CHEMICAL    AND 

PHYSICAL  RESULTS. 

I.  Although  most  of  the  irons  under  consideration  are  much  alike  in 
comjKwition,  the  hardening  effects  of  phosphorus  and  silicon  can  be 
tiaced,  and  that  of  carbon  is  very  obvious.  Phosphorus  up  to  0.10  per 
cent,  does  not  harm  and  probably  improves  ii'ons  containing  silicon  not 
al)ove  0.15  and  carbon  not  above  0.03.  !None  of  the  ingredients,  except 
carbouj  in  the  proportions  present,  seem  to  very  notably  affect  welding 
by  ordinary  methods. 

II.  The  strength  of  wrought  iron  and  its  welding  power  by  ordinary 
methods  are  varied  more  by  the  amount  of  its  reduction  in  rolling  than 
by  its  ordinary  differences  in  composition.  Uniform  strength  may  be 
promoted  by  uniform  reduction,  but  only  at  such  increased  cost  of  manu- 
facture that  the  practice  is  not  likely  to  obtain.  Therefore,  the  reduced 
sti'ength  of  large  bars  made  by  ordinary  methods  should  be  considered 
in  designing  machinery  and  structiu^es. 

III.  In  accordance  with  these  facts,  the  United  States  Test  Board  has 
«hown,  by  trial,  the  imsafety  of  the  Admiralty  proof-tables  for  chain- 
cable,  and  has  prepared  new  ones,  and  also  new  tables  of  the  strength 
of  different-sized  bars.  The  Board  has  demonstrated  that  the  tenacity 
of  2-inch  bar  for  chain-cable  should  be  between  48,000  and  52,000  pounds 
per  square  inch,  and  of  1-inch  bar  between  53,000  and  57,000  pounds, 
and  that  stronger  irons  than  these  make  worse  cables  because  they  have 
low  ductility  and  welding  power. 

IT.  Chemical  analyses,  made  in  connection  with  physical  tests,  are 
indispensable  to  conclusions  about  either  the  character  or  treatment 
of  iron.  In  this  series  of  experiments  the  demonstration  that  strength 
is  dependent  on  reduction  is  made  more  definite  and  useful  by  the 
analyses. 

V.  Analyses  also  prove  that  the  same  brand  of  wrought  iron  may  be 
heterogeneous  in  composition,  and  they  emphasize  the  previously -kno^^Ti 
fact  that  wrought-iron-making  processes  as  compared  with  the  cheap 
i^teel  processes  necessarily  give  an  uncertain  character  to  the  former 
material,  while  to  the  latter  the  desiied  quality  may  be  imparted  with 

t  certaintv  and  uniformity. 

VI.  The  ordinary  practice  of  welding  is  capal>le  of  radical  improve- 
ment; the  fact  has  been  fully  demonstrated;  the  means  should  be  made 
the  subject  of  complete  experiments.  The  i)erfection  of  means  for  weld- 
ing in  a  non-oxidizing  atmosphere  would  seem  to  be  the  promising  di- 
rection of  im])rovenieut. 
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In  aubmitting  the  foregoingliistory  of  their  experiments,  and  deductions 
therefrom,  the  eomnuttees  recognize  the  fact  that  much  still  remains  to 
be  done  before  either  of  the  investigations  can  be  considered  complete. 
But  having  exhausted  the  time  and  means  at  their  disi)Osal,  they  ai-e 
compelled  to  submit  the  results  as  far  as  accomplished. 
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Watertown  Arsenal,  June  4, 1878. 

SiE :  I  have  tlie  honor  to  transmit  herewith  a  detailed  account  of  ^the 
methods  used  by  me  for  the  analysis  of  the  samx>le^  of  iron,  steel,  copper 
and  its  various  alloys  required  for  the  use  of  the  Board. 

Most  of  the  methods  are  well  known,  and  in  only  a  few  cases  can  I 
claim  any  originality. 

As  will  be  seen  by  the  descriptions,  my  first  object  has  been  extreme 
accuracy,  while  rapidity  and  ease  of  manipulation  have  been  considered 
only  when  entirely  consistent  with  this  prime  essential. 

The  necessity  for  this  will  be  apparent  to  any  one  who  understands  the 
ends  sought  by  the  Board  j  and  it  has  been  my  constant  endeavor  to 
keep  these  ends  fully  in  view  at  every  step. 

If  in  any  respect  I  have  failed,  the  fault  has  been  my  own,  for  the 
Board  in  no  case  denied  me  any  facility  or  convenience  necessary  for  the 
successful  prosecution  of  the  work. 

I  am,  very  respectfully,  your  obedient  servant, 

ANDREW  A.  BLAIR, 

Chemist  to  the  Board. 
Col.  T.  T.  S.  Laidley, 

President   United  States  Board  appointed  to  test  iron,  steely  and 
other  metals. 


METHODS  USED  IN  THE  ANALYSIS  OF  IRON  AND  STEEL, 
COPPER,  AND  THE  ALLOYS  OF  COPPER,  ZINC,  AND  TIN. 
BY  ANDREW  A.  BLAIR,  CHEMIST  TO  THE  BOARD. 

IRON  AND   STEEL. 
SULPHUR. 

Weigh  10  grammes  of  borings  or  drillings,  free  from  liunps,  into  the 
previously  dried  flask  A,  Plate  1.  Close  it  with  a  rubber  stopper  fitted 
with  the  funnel  tube  a  and  a  delivery  tube.  The  small  fiask  B  serves 
as  a  condenser,  and  is  fitted  with  an  inlet  tube  reaching  almost  to  the 
surface  of  a  small  amount  of  water  in  the  bottom  of  the  flask,  a  safety 
tube,  6,  dipping  just  below  thesuiface  of  the  water  (on  the  top  of  which 
the  rubber  cap  displaced  when  air  is  being  drawn  through  the  apparatus), 
and  an  exit  tube  connected  with  the  first  of  the  two  wide-mouthed  bot- 
tles D.  This  flask  stands  in  a  vessel,  C,  which  is  filled  with  ice-water 
to  cool  the  fla«k  when  it  becomes  heated.  The  bottles  D  are  about  half 
filled  with  a  dilute  solution  of  oxide  of  lead  in  potassium  hydrate.  Close 
the  stop-oock  of  the  ftinnel  tube,  and  i>our  into  the  bulb,  which  is  of 
about  100  c.  c.  capacity,  a  mixtui-e  of  50  c.  c.  strong  H  CI  and  60  c.  c. 
water.  Place  the  fiask  on  the  tripod,  and  connect  the  apparatus.  By 
means  of  the  stop-cock  admit  the  acid  very  gradually  into  the  fiask,  so 
that  the  evolved  gas  shall  pass  through  the  bottles  D  at  the  rate  of  about 
4  or  5  bubbles  a  second.  ^When  all  the  acid  has  passed  through  the  stop- 
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<50ck,  close  it  and  pour  into  the  bulb  a  few  c.  c.  of  water,  which  will 
serve  to  carry  down  any  small  amount  of  gas  that  may  collect  below  the 
stop-cock  during  the  subsequent  heating.  Apply  heat  very  gradually, 
keeping  the  rate  of  evolution  of  the  gas  uniform,  until  the  liquid  in  the 
flask  is  heated  to  boiling.  Boil  from  15  to  30  minutes,  then  connect  the 
aspirator  bottles  E,  open  the  stop-cock,  close  the  safety  tube  b  with  the 
cap  c,  and  remove  the  source  of  heat. 

The  apparatus  now  appears  as  in  the  cut,  Plate  1.  Draw,  through  2 
or  3  liters  of  air,  disconnect  the  apparatus,  and  wash  the  precipitated 
sulphide  of  lead  in  the  bottle  D  into  a  No.  2  Griffin's  beaker.  Clean 
out  the  tube  and  bottle  with  a  small  piece  of  filter  paper,  and  add  it  to 
the  precipitate.  Collect  the  precipitate  on  a  small  filter,  wash  several 
times  with  hot  water,  and  while  still  moist  throw  the  filter  and  precipitate 
back  into  the  beaker,  in  which  has  been  placed  just  an  instant  previously 
some  i)owdered  K  CI  Oa  and  al)Out  10  c.  c.  strong  II  CI.  Digest  it  for  a 
few  minutes,  and  then  dilute  the  acid  with  about  twice  Its  bulk  of  warm 
water ;  if  necessary  add  more  K  CI  O3,  and  place  the  beaker  on  the  water 
bath  until  the  liquid  is  almost  colorless.  Then,  without  diluting,  filter 
into  a  No.  1  beaker,  and  wash  the  residue  several  times  with  hot  H  CI  and 
water  (1 — 3),  and  finally  with  hot  water.  Evaporate  the  filtrate  to  small 
bulk,  add  barium  chloride,  then  a  slight  excess  of  ammonium  hydrate, 
and  acidulate  the  solution  slightly  with  II  CI.  Boil  it  a  few  minutes, 
and  place  the  beaker  on  the  water  bath  over  ^ight.  Filter  the  precipi- 
tated Ba  S  O4,  wash  with  dilute  H  CI,  and  finally  with  hot  water,  dry, 
ignite  and  weigh  as  Ba  S  O4.    It  contains  13.72  per  cent,  of  sulphur. 

The  results  obtained  by  this  method  are  always  slightly  higher  than 
those  by  the  oxidation  method.  Many  steels  which  by  the  latter  give  no 
trace,  by  the  former  give  appreciable  amounts  of  sulphur.  This  method 
re^iuires  less  time  than  the  other,  and  dui)licate  results  agree  perfectly. 

GRAPHITE. 

To  determine  the  small  amount  of  graphite  contained  m  most  steels, 
the  residue  in  the  flask  from  the  determination  of  sulphur  may  be  taken. 
For  this  puqwse,  wash  it  out  into  a  beaker,  filter  on  an  asbestos  filter, 
and  wash  with  dilute  H  CI  and  hot  water.  Pour  on  a  hot  solution  of 
potassium  hydrate,  sp.  gr.  1.27,  and  wash  again  with  hot  water,  alcohol, 
and  finally  with  ether;  transfer  the  contents  of  the  filtering  tube  to  a 
platinum  boat,  dry  at  KKP  C,  and  bum  the  grai>hite  in  a  tube  in  a  cur- 
rent of  oxygen,  a«  in  the  detennination  of  total  carbon,  collecting  and 
weighing  the  C  O2  in  a  potash  bulb. 

With  pig-iron  it  is  difficult  to  wash  all  the  graphite  out  of  the  flask 
without  using  a  large  amount  of  water;  it  is  moreover  more  convenient 
to  operate  on  a  smaller  amount,  say  from  1  to  3  grammes  of  the  drillings. 
In  this  case,  weigh  the  drillings  (lumi>s  are  better,  as  the  graphite  has 
80  great  a  tendency  to  fly  oflP  and  cause  loss  when  finely  divided)  into  a 
beaker,  and  digest  with  H  CI  and  water,  equal  parts.  When  perfectly 
dissolved,  boil  the  solution  for  half  an  hour,  filter,  and  treat  the  insolu- 
ble matter  exactly  as  in  the  former  case.  This  method  for  determining 
graphite  is  not  perfectly  satisfactory,  but  is  undoubtedly  the  best  method 
known  at  present. 

SILICON  AND  PHOSPHORUS. 

Treat  5  grammes  of  drillings  in  a  beaker  of  at  least  400  to  500  c.  c. 
capacity,  covered  with  a  watch  glass^  with  400  c.  c.  ot  strong  H  N  O^. 
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Check  the  actiou  if  too  violent  by  fttandiiig  the  beaker  in  cold  water,  or 
accelerate  it  if  necessary  by  heat  and  by  adding  a  drop  or  two  of  H  CI 
from  time  to  time,  until  solution  is  complete.  Wash  and  remove  cover, 
evaporate  solution  to  dryness,  add  3.")  e.  c.  II  CI,  cover  and  heat  until  all 
iron  has  dissolved,  remove  cover  and  evaporate  to  dr>niess ;  finally  heat  on 
sand  bath,  at  from  12CP  to  13(P  C,  until  all  smell  of  acid  has  disai>peared. 
Allow  to  cool  gradually,  and  redissolve  in  35  c.  c.  II  CI,  and  when  solu- 
tion is  complete  add  about  50  c.  c.  water,  and  boil  for  half  an  hour,  to 
convert  any  pyrophos])hate  that  may  have  been  formed  to  orthophos- 
phate.  Evaporate  off  excess  of  acid,  dilute,  filter  ott*  Si  O2,  wash  filter 
with  dilute  HC'l,  and  finally  with  hot  water.  Dry  and  ignite  the  filter 
containing  tlu^  Si  O2  in  a  i)latinum  cnicible.  Weigh  and  treat  the  residue 
with  dilute  H  F\  and  a  drop  or  two  of  H2  S  04,  or  better  a<ld  water  and 
H2  S  O4,  and  saturate  the  water  with  H  Fl  gas,  generated  from  cryolite 
and  H2  S  O4  in  a  i)latinum  still.  When  solution  is  complete,  evaporate 
to  dryness,  heat  until  fumes  of  SOg  have  disapi)eare<l,  and  finally  raise 
the  crucible  for  an  instant  to  a  dull  red,  cix)l  and  weigh.  The  dirference 
is  Si  O2. 

In  the  case  of  pig  irons  it  is  l>etter  to  fuse  the  ignited  residue  with 
eight  parts  of  Xaj  C  O3  and  a  little  K  N  O3,  dissolve  in  water,  acidulate 
with  HCl,  evaporate  to  dryness,  and  heat  to  ex])el  all  HCl;  redissolve 
in  H  CI  and  water,  filter,  wash  well,  dry,  ignite  and  weigh,  and  treat  with 
H  Fl  as  in  the  case  of  steel. 

This,  of  course,  givers  the  total  Si  O2,  from  which  subtract  the  Si  O2  in 
the  slag  (see  Estimation  of  Slag  and  Oxide  of  Iron),  and  the  ditt'erence 
is  Si  O2  which  existed  as  Si  in  the  iron  and  steel,  and  which  contains 
46.07  per  cent,  of  Si.  Dilute  the  filtrate  frcmi  the  silica  in  a  No.  6  beaker 
to  about  400  c.  c,  add  suflicient  N 114  II S  Os*  to  reduce  all  the  iron  to 
ferreous  salt,  heat  to  boiling,  neutralize  with  XH4  HO  (as  deoxidation 
is  not  cx)mx)lete  in  a  very  acid  solution),  and  when  the  solution  is  color- 
less add  about  5  c.  c.  strong  II C -1,  and  Imil  oti"  all  smell  of  S  O2.  Cool  as 
quickly  as  possible,  and  when  thoroughly  cold  add  dilute  ammonia  until 
a  slight  permanent  green  preci])itate  renniins  after  stirring ;  redissolve 
this  with  a  few  dro])s  of  acetic  acid  No.  8,  and  add  from  1  to  2  c.  c.  of  strong 
ammonium  acetate.  Dilute  to  about  750  c.  c.  with  hot  water,  and  if  the 
precipitate  formed  is  white  add  very  dilute  solution  of  ferric  chloride 
(containing  about  10  m.  grms.  of  Fe2  O.,  to  the  c.  c.)  droj)  by  dro])  until 
the  pre<dpitate  has  a  faint  reddish  tinge.  Heat  to  boiling,  and  filter 
rapidly,t  keeping  the  solution  hot,  wash  several  times  with  hot  water, 
dissolve  on  the  filter  with  H  CI,  allowing  the  solution  to  run  into  a  small 
clean  beaker,  dissolve  any  precii)itate  that  adheres  to  the  large  beaker 
with  HCl,  pour  it  through  the  filter,  and  wash  the  filter  well  with  hot 
water.  Evaporate  the  solution  almost  to  dryness,  add  enough  citnc  acid 
to  keep  the  iron  in  solution  (from  2  to  3  grammes  dissolved  in  5  c.  c.  water 
is  generally  enough  unless  the  iron  ])recipitate  is  very  Imlky),  then  mag-* 
nesia  mixture  and  excess  of  X  H4  H  ().  Stir  just  enough  to  mix  the  solu- 
tion, but  avoid  touching  th(»  sides  of  the  beaker  with  the  rod,  and  cool  in 
ice- water.  When  thoroughly  cold,  stir  well,  and  stand  aside  for  a  few 
minutes.     Then  if  the  precipitate  has  not  begun  to  appear,  stir  until  it 


*XH4  HSOg  iH  bt'st  made  by  i»assiiij»;  wjisIhmI  SO.:  (iiuub'  by  hcatiii^^copjK'r  Hliiij^H  in 
a  fla»k  witli  stronjj  Ho  S()4)  into  strcuij^;  aqueous  annnoiiia  until  tlit*  wliitc  basic  salt 
lii-Mt  fonutnl  is  ivdissolvi'd,  ami  the  yellow  (uly  solution  snielLs  stroiJ«;ly  of  SO,i.  Of 
thin  solution  H  v.  v.  will  deoxidize  ;">  jfiauniies  iron. 

tThe  filtrate  sliould  eouie  tlirou^li  |ieifeetly  elear,  and  subsefjuen^  cloudiness  is  of  no 
iiuportance;  but  care  should  be  taken  that  it  does  not  come  tliroii«ili  cloudy,  as  soiue- 
tiuieH  happenti  when  there  is  a  snuill  tear  in  the  filter.  This  cloudiness  nuiy  be  mis- 
taken for  the  cloudiness  caused  by  ,subse(iuent  oxidaticm. 
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does,  stir  afterwards  several  times  at  intervals  of  from  10  to  15  mimites^ 
and  stand  aside  overnight.  The  solution  shoidd  not  exceed  20  or  30  c.  c. 
in  bulk.*  Filter  the  precipitated  ammonium-magnesium-phosphat<e  on  a 
small  close  filter  without  attemi>ting  to  remove  tlie  adhering  precipitate 
from  the  beaker,  wash  several  times  with  weak  ammonia  water,  dry  and 
ignite  in  a  phitimim  crucible.  Dissolve  the  precipitate  in  the  crucible  in 
H  CI  and  water,  equal  parts,  cover  the  cnicible  with  a  small  watch-glass, 
and  boil  carefully  for  about  30  minutes,  to  convert  the  pyro-  to  ortho-  j, 
phosphate.  Pour  the  solution  back  into  the  beaker  just  used,  and  wash 
out  the  crucible  into  it.  This  will  dissolve  any  precipitate  which  may 
have  adhered  to  the  sides  of  the  beaker  previously.  Filter  into  a  small 
beaker,  w^ash  the  filter  well,  evaporate  to  small  bulk,  add  2  or  3  drops 
magnesia  mixture,  a  small  crystal  of  citric  acid  and  excess  of  ammonia. 
Cool^  and  precipitate  carefully  as  before,  allow  to  stand  overnight  if  the 
))recipitate  is  small,  filter,  wash  with  ammonia  water,  dry,  ignite  and 
weigh  as  Mg2  P2  O7,  which  contains  i>hosphorus  27.93  i)er  cent.,  or  phos- 
phoric acid  03.96  per  cent. 

The  first  precipitate  of  ]\rg2  (^  H4)2  P2  Og  is  apt  to  contain  a  little  silica, 
oxide  of  iron,  and  magnesium  hydrate,  the  latter  especially  if  the  pre- 
cipitate is  large.  All  of  these  sources  of  error  are  eliminated  by  the 
ignition,  solution,  and  subsequent  filtration.  One  can  ^ei  rid  of  the  two 
latter  by  dissolving  the  precipitate  on  the  filter,  instead  of  igniting  it ; 
but  the  silica,  being  often  in  a  gelatinous  condition,  sometimes  dissolves 
in  the  acid  and  is  earned  down  on  the  addition  of  ammonia  with  the 
precipitate  of  ammoniimi-magnesium-phosphate.  Ignition  is  conse- 
quently the  safer  plan. 

COPPEE. 

Weigh  out  5  grammes  of  borings  into  a  beaker  of  about  750  c.  c.  ca-  -i 
parity,  and  dissolve  in  a  mixture  of  30  c.  c.  HCl  and  15  c.  c.  HNO3. 
When  solution  is  complete,  boil  for  some  minutes, t  dilute  and  filter 
through  a  ribl)ed  filter,  wash  well,  heat  the  filtrate  almost  to  boiling, 
add  10  c.  c.  N  H4  H  S  O3,  nearly  neutralize  the  solution  with  N  H4  H  O, 
and  boil  until  colorless.  Add  5  c.  c.  II  CI,  and  pass  H2  S  through  the 
boiling  solution  until  the  precipitate  of  S,  &c.,  agglomerates.    Filter  on 

*  To  te«t  tbe  solubility  of  tlie  ainiiioiiiuni-iua^iesiiim-])bosiihate  in  the  solution  con- 
taining citric  acid,  ferric  oxide,  aiuniouivim  chloride,  «fec.,  I  made  a  number  of  experi- 
meutM  in  the  following  way  :  The  filtrate  from  the  first  precipitation  of  tbe  ammonium- 
ma  jjneaium-phos])hatt^  was  evaporated  to  dryness  in  a  large  iilatiuum  capsule,  an<l 
heated  over  a  Bmisen  burner,  until  the  volatile  salt-s  were  driven  off  and  the  separated 
carbon  i)artly  bunied  away,  the  residue  transferred  to  a  i>latinum  crucible,  the  carbon 
burned  off,  and  the  residue*  fused  with  a  small  amount  of  sodium  carbonate.  It  was 
then  lH)iled  with  water,  and  the  soluble  sodium  carbonate  and  phosphate  sepjirated  by 
filtration.  To  the  clear  filtrate  a  slight  excess  of  hydrochloric  acid  was  added,  and  the 
stdution  boiled,  a  single  drop  of  solution  of  ferric  chloride  added,  and  the  ferric  oxide  and 
jdiosphate  jirecipitated  by  ammonia  and  excess  of  acetic  aci<l ;  the  precipitate  filtered, 
washed,  redissolve.l  in  hydrochhu-ic  acid,  and  any  phosphoric  acid  present  precijiit  a "^ed 
afl  aunuonium-magnesium-phosphate. 

The  results  of  thes*^  experiments,  bi^tween  twenty  and  thirty  in  number,  and  on  sain- 
jdes  containing  from  .015  per  ci*ut.  to  .:U4  per  cr-nt.  phosphorus,  showed  that  when  tbe 
am«>unt  of  ferric  oxide  thrown  down  wa.**  so  large  that  it  required  from  six  to  eight 
grammes  of  citric  acid  to  keep  it  in  solution,  upim  the  addition  of  ammonia,  and  when  i 

the  solution  mea*4ured  150  c.  c,  al>out  25  c.  c.  b.*ing  strong  hydrochloric  acid,  the  max- 
imum amcmnt  of  magnesium  pyrophosphate  fcmnd  was  1.5  milligrammes,  equivalent, 
when  5  grammes  of  steel  was  used,  to  .008  per  cent,  phosphorus.  When  the  amount  of 
ferric  oxide  precipitated  was  kept  within  proper  bounds  (requiring  from  two  to  three 
grammes  of  citric  acid  t^  keep  it  in  solution),  and  when  the  bulk  of  the  solution  wa* 
only  from  20  to  50  c.  c,  an  unweighablti  trace  only  in  a  few  ca.ses  and  usually  no  am- 
monium-maguesium-phosphate  was  found. 

t  In  the  cjise  of  pig-irons  it  is  better  to  evaporate  the  solution  to  dryness,  for  other- 
wise the  gelatinous  silica  is  liable  to  clog  the  filter. 
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a  ribbed  filter,  wash  with 
UHlJng  water,  and  dry  tlie 
filter  and  precipitate.  Ig- 
nite careftilly  in  a  jmrcelain 
LTucible,  and  when  the  filter 
ii  perfectly  bnrned  allow  it 
to  cool  and  itigeHt  at  a  gen- 
tle beat,  in  H  N  O^,  with  a 
few  drojis  of  H,  8  0„  cover- 
ing the  (.■nifible  with  a 
watch-gliiss.  Wiien  tlie  ( 'n  / 
S  JB  perfectly  dtMioni posed,  [ 
n-niove  the  watch-glass,  and 
evaporate  oft*  the  HXO3 
until  fumes  of  SO3  aiii)ear. 
OhiI,  dilute  a  little,  and 
Hash  out  caiTfiilly  into  a ' 
.vnall  ]>lntinuiii  cnidble. 
Place  the  iiiicible  in  the 
appiirdfns  shown  in  cut. 
Lower  the  siiiiill  platinum 
spiral  E  until  it  is  just 
tiear  of  the  iMtttom  of  the 
I'nicible,  and  attach  two 
ei'llsoftbebattorj'.  Infi-oiu 
3  to  4  hours  a<ld  the  third 
<-ell  (see  article  on  Cn  in  in- 
jiot  coi)j)er),  and  allow  to 
run  an  hour;  then  wash  out 
Iht  crucible  (testiitfr  the  so- 
Intion  by  Hj  S  m  K,  Fej 
Cy,),  lirst  with  water  and 
then  nU-obol ;  ilry  at  about 
KHI  ('.  for  a  few  minutes, 
cool  and  weigh.    If  the  pre-  ^cat-e. 

tjpitate  is  dark  colored,"  it  e / 4 i  meXav 

may  be  dissolved  in  a  few  1,1,1  TTTn  i , )  ,-■ .  I .  i .  I .  i  r4 

divpH  of  II X  Ogdihited,  aud 
..  Ilie  Cu  repiecipitated  a.*  before,  when  it  will  always  be  perfectly  bright 
|i  and  metallic  in  appearance.  Dissolve  out  the  Cu  with  a  littleHNOa, 
waah  ont  the  crucible  with  water  and  alcohol,  thy  aud  weigh,  the  differ- 
ence being  copper.  The  extreme  delicacy  and  aceiu-acy  of  this  method 
are  beyond  all  praise;  -^  mg.  can  be  detected  and  estimated.  This 
unount  gives  a  decided  metallic  stain  on  tlie  cnicible,  and  the  most  deli- 
eate  tests  fail  to  show  any  Cu  in  the  li(|uid  after  precipitation  by  the 
battery,  as  above. 

MAXtlANESE,   NICKEL,  AND   COBALT, 

Weigh  out  -3  grammes  of  Imrings  into  a  beaker  of  at  leajst  1000  c.  c. 
capa<-it;»-,  and  dissolve  in  K  X  Oa.  adding  11  *  1  if  necessiiry-.  When  soiu- 
tioii  is  complete,  e\-ai>orate  to  dryness,  and  add  20  c.  c.  H  CI,  evaporate 
to  dryness,  and  heat  iwtil  all  acid  is  expelled,  i-etlissolve  in  1.5  c.  c.  H  01, 


•  TbiH  (lark  coliir  in  ni  no  iniiKirtnure,  fur  I  liavc  frt'inieiitly  reilisBolvwl  aud  r 
tipitalMl  Cii  hiiviiiK  tlii»  HpiicnrHiit'e,  aud  have  iievor  fciiiiid  a  grfntiT  iliffc reuce 
(^  of  «  !»(!-,  tlip  Bm-oii<l  invtipitate  brhig  perfectly  bright  aud  oietallic. 
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and  heat  on  sand-bath  about  30  minutes.  Dilute  to  ahnost  4(K)  v.,  c.  with 
cokl  water,  and  add  sobition  of  Xa^  C  (>:,  with  eonstant  stinin^  until 
after  standiujr  some  time  a  deei(U*d  luvcijutate  remains.  Kedissolve  this 
precipitate  with  the  smaUest  possible  amount  of  dilute  H  i%  added  dix)p 
by  drop,  with  eonstant  stirring,  and  add  7  ft:rammes  sodium  aeetate,  dilute 
with  hot  water  to  about  8(K)  e.  e.,  and  heat  to  boiling.  Jioil  aXyoixt  i  to  3 
of  an  hour,  nearly  till  the  beaker  with  boiling  water,  and  allow  to  staml 
on  water-bath  until  ])reeipitate  of  oxide  and  Imsic  aeetate  of  iron  has 
settled  to  small  bulk.  Deeant  off  clear  sui)ernatant  fluid,  retiU  the 
beaker  with  l>oiling  water,  adding  a  little  sodiuin  aeetate,  stir  well,  and 
allow  to  settle  as  before.  Repeat  the  deeantation,  retilling  as  before, 
and  after  the  third  deeantatiim  dissolve  the  i)reeii)itan*  in  the  beaker  iu 
II  CI  and  a  little  KCIOr,  evaporate  off  the  excess  of  acid,  and  rei)re- 
cipitate  the  iron  as  before. 

Wash  several  times  by  deeantation  as  at  first,  evajxirate  the  decanted 
liquid  to  small  bulk,  and  finally  throw  the  precipitate  on  a  large-ribbed 
filter,  ailowing  the  liquid  to  run  into  the  beaker  containing  the  decanta- 
tions,  and  wash  the  precipitate  once  or  twice  with  hot  water.  The  solu- 
tion will  contain  more  or  less  oxide  of  iron  decanted  ott'  witli  the  suf)er- 
natant  fluid,  so  that  after  evaporating  down  to  75  or  100  c.  c.  hi  bulk, 
filter  on  a  small  filter  into  a  No.  3  beaker,  wash  once  or  twice,  and  stand 
the  solution  aside.  Dissolve  the  precipitate  on  the  filter  in  II  CI,  allow- 
ing the  solution  to  run  ba<k  into  the  first  beaker,  evajKirate  off'  excess 
of  acid,  dilute  to  50  c.  c.  with  cohi  water,  neutralize  by  Na^COj,  and 
l>recipitate  by  sodium  acetate.  Boil  a  few  minutes,  and  filter  into  the 
beaker  co]itaining  the  clear  solution.  Add  to  this  solution,  which  should 
not  exceed  150  c.  c.  in  bulk,  a  little  acetic  acid,  and  i)ass  a  brisk  stream 
of  11.2  S  hito  it  for  from  30  to  45  minutes,  keei)ing  the  solution  at  a  l)oil. 
t  ilter  and  wash  with  II2  S  water  containing  a  little  free  acetic  acid.  The 
preci])itate  which  contains  the  Cu  Ni  and  ( 'o  as  suliihides  should  be  dried 
and  ignited  in  a  porcelain  crucible.  Transfer  the  ignited  i)n*cipitate  to 
ft  Xo.  1  beaker,  and  dissolve  it  in  H  CI  and  a  few  drops  of  Jl  X  O3,  evaj)- 
orate  to  dryness,  redissolve  in  10  or  12  droi)s  of  11  CI,  dilute,  lx)il,  and 
precii)itate  the  cojiper  by  Ili^^,  filter,  wash  with  hot  water,  and  eva^K)- 
rate  the  filtrate  to  dryness.  Kedissolve  in  4  or  5  droi)s  of  II  CI,  dilute 
with  one  or  two  c.  (*.  of  water,  and  add  excess  of  solution  of  ]>otassium 
nitrite  slightly  acidulated  by  acetic  acid.  Stir  and  allow  to  stand  for  24 
hcmrs,  with  occasional  stining.  Filter  oft*  the  double  nitrite  of  cobalt 
and  ])otassium,  and  wash  with  water  (containing  potassium  acetate  and 
a  little  free  acetic  acid.  l\est»rve  the  filtrate,  and  wash  the  precipitate, 
and  filter  free  from  [>otassium  acetate  with  alcohol.  Ignitt*  the  filter  and 
I)recipitate,  carefully,  in  a  i)on*elain  crucible,  being  careful  not  to  raise 
the  tem])erature  so  high  as  to  fuse  the  preci])itate;  transfer  to  a  very 
small  beaker,  and  digest  in  H  CI  and  a  little*  K  CI  03.  Evaporate  to  dry- 
ness, redissolve  in  from  3  to  4  drops  of  II  CI,  dilute  with  cold  water, 
add  excess  of  si  dium  acetate,  and  boil  from  1  to  2  hours  to  ju'ecipitate 
the  small  amount  of  FcjO.i  and  Al^Oa  that  is  always  ju-escnt.  Filter,  to 
the  filtrate  add  excess  of  X  114 II  O  and  X  II4 11  S,  aii<l  heat  to  boiling. 
As  so(m  as  the  precipitate  of  CoS  has  st'ttlecl,  filter,  wash  with  water 
containing  a  little  X  II4 II  S,  dry  aud  igniti'  th'  pnn  ij  itate  in  a  ]»l:itinum 
crucible.  Wl.en  thorough ly  i;,n  te.l,  allow  to  ccol  and  di^L^e-it  in  the  cru- 
cible with  H  X  C):{,  evai)orate  to  dryness,  and  add  a  few  (Iroi)s  of  strong 
H2iS04,  digest  until  the  sulphide  and  oxide  are  changed  to  sulphate  of 
cobalt,  drive  off  excess  of  II.,  S()4,  ai»d  finally  heat  to  a  dull  ivd  for  a 
few  moments,  cool  and  weigh  as  Co  81)4,  which  coi:t:nns  37.0S  per  cent, 
of  cobalt.     Heat  the  filtrate  from  the  potiissium  cobalt  double  nitrite  to 


T^STS   OF   METALS.  277 

lK)iliiiji:,  and  precipitate  the  Xi  O  by  a  very  slight  excess  of  K  H  O.  Filter 
and  wash  with  hot  water.  Dissolve  the  i>rec'ipitate  on  the  filter  with 
HOI,  allow  the  solution  to  run  back  into  the  same  beaker,  and  wash  tliB 
filter  well  with  hot  water.  Evaporate  the  filtrate  to  diyness,  relissolve 
ill  from  3  to  4  droi)s  H  ( M,  dilute  with  cold  water,  add  excess  of  Xa  O2  HaOj, 
boil  from  1  to  2  hours,  filter  off  the  Fe^  O.,  and  AI2  O3,  heat  the  filtrate  to 
boilinjj,  and  precipitate  the  Xi  8  by  Hz  S,  or  by  adding  an  excess  of 
yH4lIS  slightly  acidulating  with  C2  H4O2,  and  passing  H2S  through 
the  boiling  solution  until  the  mixed  S  and  Xi  S  agglomerate.  Filter, 
wash  \vith  HjS  water,  dry  and  ignite  the  precipitate.  When  ])erfectly 
Inirned,  allow  the  cnicible  to  cool,  and  add  a  little  ammonium  carbonate; 
lioat  carefully  to  dull  red,  (*ool  and  weigh  as  Xij  S  or  X^i  (),  which  contains 
78.59  i)er  cent,  nickel.  If  the  precipitate  of  CoS  is  very  small,  it  may 
be  ignited  in  the  same  manner  as  the  XI S,  and  weighed  as  C02  S  or  Co  O, 
which  contains  78.01  ])er  cent,  cobalt. 

To  the  filtrate  from  the  precipitated  sulphides  of  copper,  luckel,  and 
cobalt,  which  contains  all  the  manganese,  add  X  H4  H  O  and  X^  H4  H  8, 
and  allow  to  staiul  from  12  to  24  hours.*  Filter,  wash  the  manganese 
sulphide  with  water  containing  X^  II4 II S,  dissolve  it  on  the  filter  in  hot 
dilate  H  01,  and  allow  the  solution  to  run  back  into  the  same  beaker. 
Wash  the  filter  well  with  hot  water,  evaporate  the  solution  to  dryness, 
redissolve  in  dilute  11  (.-1,  filter,  add  excess  of  X  H*  HO,  heat  to  boiling, 
and  boil  until  all  smell  of  N  H4  H  O  has  disapixnired.  Filter  off  any  ferric 
oxide,  dissolve  back  into  the  same  beaker  with  II  CI,  reprecipitate,  boil 
and  filter  as  before.  Add  the  two  filtrates  tog(»ther,  boil,  and  precii)i- 
tate  by  solution  of  sodio-ammonic-orthophosphate,  and  slight  excess  of 
X 114 110.  Boil  until  precipitate  becomes  crystalline,  filter,  wash  with 
hot  water,  dry,  ignite,  and  weigh  as  Mn2r2  07,  which  contains  38.73  per 
cent,  of  manganese.  Coi)per  cannot  be  estimated  in  this  ]>ortion,  as  a 
piirt  of  it  always  remains  with  the  oxide  of  iron  precipitate,  as  basic  ace- 
tate of  <;opper. 

ClIROMII^M  AyD  ALUMINIUM. 

Weigh  5  grammes  of  borings  or  drillings  into  a  flask  of  about  one-half 
litre  caj>acity,  and  pour  in  20  c.c.  strong  HCl,  diluted  with  three  or  four 
timeH  its  bulk  of  water.  Close  the  flask  with  a  rubber  stopper  having 
a  short  i>iece  of  glass  tubing  run  through  the  center,  extending  from  the 
small  end  of  the  stopi)er  to  one  inch  beyond  the  large  end.  One  end  of 
a  piece  of  heavy  rubber  tubing  2  inches  long,  with  a  horizontal  slit  in  the 
middle  of  one  side,  J  inch  long,  extends  over  the  glass  tube  for  a  dis- 
tance of  i  inch.  The  other  end  of  the  nibber  tube  is  closed  with  a  piece 
of  gia88  rod.  This  simple  valve  allows  the  escape  of  gas  from  the  flask, 
but  prevents  access  of  air,  so  that  the  iron  is  all  dissolved  as  tenuous, 
the  chromium  a^  chromous,  and  the  alununium  a«s  aluminium  chloride. 
Assist  tlie  ai'tion  of  the  dilute  acid  by  heat  if  necessary,  ami  wiien  the 
inm  or  st^el  is  entirely  dissolved  remove  the  valve,  dro[)  in  a  small  lump 
of  Nag  C03,  ami  close  the  flask  with  a  solid  stopjier.  Cool  the  flask  and 
conteutH  as  quickly  a«  jmssible,  and  when  cohl  dilute  the  solution  with 
cold  water  until  the  flask  is  three-fourths  full.  Add  with  constant  agi- 
tation 4i  slight  ex(*ess  of  Ba  C  O;,.*     Shake  the  flask  thoroughly  several 

*  Bromine  may  b^  used  to  precipitnto  the  iiiaiij»^aiu*s«*  in  th«^  filtrate  I'roni  tlie  snl- 
phideH  of  nickel,  eolmlt,  and  coj^jer,  l)y  addiujj  it  directly  to  tlii.s  solution,  and  heatint^ 
until  the  «*xcess  of  Itroniine  is  volatilize<l  and  the  solution  becomes  colorless.  Filter, 
wash  v«.»ry  slij^htly  with  hot  water,  ami  proceed  as  with  the  precipitate  by  N  H4H  S. 

*Tho  Ba  COsshonlil  be  perfectly  pure,  the  ]»res«»n<'e  of  even  a  small  amount  of  Ihi 
SO4  iiitf^rfering  with  the  end  reaction.  I  ])repare  my  own  by  dissolving;  Ba  VU  in 
water,  illt€*rinj;,  adding  hnxe  excess  of  NH4  HO.  an<l  ]iassint;  ('  ih  into  the  solnticm 
until  all  the  Ba  is  precipitated  as  Ba  CO3,  washing?  free  from  chlorides,  drying,  and 
grinding  ill  water  to  the  consistency  of  cream. 
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times,  loosening  the  8top])er  to  allow  the  C  O2  to  escape ;  cork  the  iiask 
tij:htly,  and  allow  it  to  stand  overnight.  Filter  as  rapidly  as  possible, 
rinse  out  the  fla^^k  several  times,  and  wash  the  precipitate  well  with  cold 
water.  The  precipitate  consists  of  the  i-esidue  from  the  steel  or  iron 
insoluble  in  dilute  H  CI,  all  the  Cr  as  Cr^  O3,  all  the  Al  as  AI2  O3,  some 
Fe2  O3,  and  tlie  excess  of  Ba  COq  added  to  the  solution.  Dissolve  the 
precipitate  on  the  filter  in  dilute  H  CI,  clean  out  the  flask  with  the  same 
reagent,  and  allow  the  solution  to  nui  into  a  small  clean  beaker.  Wash 
the  filter  with  hot  water,  allowing  it  to  run  into  the  same  beaker.  Boil 
the  solution,  and  add  a  slight  excess  of  dilute  Hi  SO4,  allow  to  settle, 
and  filter  off  the  precipitated  Ba  S  O4.  Evai>orate  the  filtrate  to  dryness 
to  get  rid  of  the  excess  of  acid,  redissolve  in  the  smallest  iK>ssible  amount 
of  dilute  H  CI,  dilute,  add  sufficient  tartaric  acid  to  hold  the  iron  in  solution 
when  the  li(]uid  is  rendered  alkaline,  and  add  excess  of  NH4  HO.  Heat 
to  Iwiling,  and  add  N  H4  H  S  in  excess ;  allow  the  precipitated  Fe  S  to 
settle,  filter,  wash  with  water  containing  N  H4  H  8,  and  evai>orate  the 
filtrate  to  dryness  in  a  platinum  cai>siUe  or  large  crucible.  Heat  the  resi- 
due until  the  ammonium  salts  are  volatilized  and  the  C4  He  Oe  decom- 
posed. Bum  olf  the  separated  carbon,  and  fuse  the  residue  with  6  parts 
Xa^  C  O3  and  1  part  K  X  O3.  J)issolve  out  in  water,  transfer  to  a  beaker, 
add  a  rather  large  amount  of  K  CI  O3,  rinse  out  cnicible  with  H  CI,  add 
it  to  the  solution,  and  then  add  a  slight  excess  of  H  CI.  Evaporate  to 
syrui)y  consistency  on  the  water  bath,  adding  a  little  K  CI  O3  from  time 
to  time  to  decompose  the  excess  of  H  CI.  lledissolve  in  water,  add  an 
excess  of  (N  H4)2  C  O3  to  precipitate  the  AU  O3,  and  boil  off  all  smell  of 
ammonia.  Filter,  wash  with  hot  water,  add  to  filtrate  an  excess  of  H  CI, 
and  after  the  greater  part  of  the  KCIO3  is  decomi)oseil,  a  little  alcohol, 
and  evaporate  to  dryness.  Redissolve  in  H  CI,  dilute,  filter  from  Si  O.2, 
boil  the  filtrate,  and  add  an  excess  of  X  H4  H  O  to  precipitate  the  Crg  O3. 
Filter,  wash  with  the  usual  precautions,  dry,  ignite,  and  weigli  as  Cr2  O3, 
which  contains  68.o3  per  cent,  of  chromium.  The  AI2  O^  obtained  on 
preci})itating  with  (X  114)2  C  O3,  is  usually  contaminated  by  small  amounts 
of  Si  O2  and  Ca  O  (from  the  C4  He  Og).  To  separate  these  impurities, 
dissolve  on  the  filter  in  H  CI,  and  allow  to  run  into  a  small  beaker,  evai>- 
onite  to  di';v'ness  to  ren<ler  Si  O2  insoluble,  dissolve  in  H  CI,  dilute,  filter, 
and  pi^ecipitate  the  AI2  O3  by  X  H4  H  O,  being  cju-eful  to  boil  off  all  snu41 
of  XH4HC).  Filter,  wash  well  with  hot  water,  dry,  ignite,  and  weigh 
as  AI2  O3,  which  contains  5.'$.31  per  cent,  of  aluminium. 

To  determine  tihromiuni  alone,  dissolve  the  iron,  i)recipitate  by  Ba 
CO3,  filter,  and  wash  the  preeii)itate  exactly  as  before.  Then  punch  the 
filter,  and  wash  the  precipitate  into  a  small  chnin  beaker,  ('lean  the 
flask  and  filter  with  hot  dilute  H  CI,  and  wash  them  thoroughly  with  hot 
water,  allowing  all  the  rinsings  and  washings  to  nin  into  the  beaker.* 
Add  enough  H  CI  to  dissolve  the  soluble  part  of  the  precipitate ;  dilute, 
boil,  and  precipitate  the  Cr2  O3  and  ¥e2  O3  with  N  H4  H  ().  Boil  off*  all 
smell  of  anmionia,  allow  to  settle,  filter  and  wash  well  with  hot  water  to 
get  rid  of  all  Ba  CI2.  Dry  and  transfer  the  precipitate  to  a  platinum 
cnicible,  carefully  separating  it  from  the  filter,  ignite  the  filter,  and  add 
the  ashes  to  the  precipitate  in  the  crucible.  Before  heating  the  precipi- 
tate, add  to  it  in  the  crucible  3  grammes  Naa  C  O3  and  J  gramme  K  N  O3, 
and  mix  thoroughly.     Heat  gradually  to  fusion,  and  finally  raise  the 

*If  it  i»  desired  to  (leteniiiue  the  cliromium  soluble  in  dilute  H  CI  alone,  or  separately 
from  that  which  remains  in  the  insoluble  residue,  the  filter  shouhl  not  be  pnnchetl_,  Imt 
the  soluble  part  of  tlie  precipitate  dissolved  on  the  tilter  in  hot  dilute  H  CI,  anil  a  s«*p- 
arate  determiHation  made  of  the  Cr  in  the  insoluble  residue  (which  remains  on  the 
filter)  by  burning  the  iilter  and  fusing  with  Na^  C  Oj  and  KN  O3. 
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Leat  until  all  theKSOj  is  decomiJOsed.  Cool, and  treat  the  fused  masa 
■with  hot  water;  Alter  from  Fe*  Oj,  wash  well  with  hot  water,  acidulate 
the  filtrate  with  H  01,  and  evaporate  to  drynoBs  with  a  little  alcohol. 
Eeiltssolve  in  H  CI,  diUite,  filter  from  silica,  and  in  the  filtrate  iireeipi- 
tate  the  Crj  O3  by  N  Hi  H  O,  Filter,  wash  with  the  usual  precautious, 
dry,  ignite,  and  weigh  as  Crj  O3,  which  contains  (i8.r);f  per  ueiit.  chromium. 
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Filteriug  tnlie  aiid  stand  uee<l  in  cnrbou  det^ruiiiiatio 
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TOTAL  CARBOS. 

Tlio  scloction  of  a  method  for  the  estimation  of  total  citrboii  iu  iron 
and  steel  was  rather  a  difficult  pi'ohlein  to  solve.  The  Kftgertz  color- 
teat  not  l>eing  snttieiMitly  aeenrate  for  tlie  piirjiowR  of  the  Board,  espe- 
cially an  thei'e  van  so  vide  variation  in  the  eoinpoKition  of  their  sampIeH, 
there  remaine«I  only  niethods  moiv  or  lexM  dilficiilt  and  tedionn.  Many 
of  these,  while  theoretically  perfect,  weiv  so  ditficult  to  execute  practi- 
tically,  tliat  it  seemed  worth  while  to  de\ote  a  little  time  to  the  investi- 
(nition  of  various  methods,  with  the  ho]>e  of  tliuling  one  capable  of  uie4-t- 
ing  the  reqiiu-ements  of  the  IJoaitl.  These  recjnin'uients  are :  extreme 
accuracy,  reasonable  8pee«i,  and  no  undue  ditlleulty  of  niani])ulation. 

The  method  linally  Hdopte<l,  and  which  1  l)elieve  fully  meets  these  re- 
quirements, is  aa  follows:  Weigh  out  ^  RrmB.  of  borinK"  or  drillings, 
wlneh  need  not  be  verj"  tine,  but  which  if  possible  should  contain  no 
larpe  lumps,  into  a  No,  3  Griffin's  l>eaker,  and  add  2tK)  c.  c.  of  a  satu- 
rated neutral  solution  of  the  double  ehloiide  of  copjwr  and  amnioninm.* 
After  it  has  stood  at  the  oixiinary  temperature  for  1">  minutes  with 
eoiiijtant  stining,  it  may  be  placed  on  the  water-bath,  and  stirred  occa- 
„-  sionally  until  the  coiijwr  first  pretripita- 

t«Ml  is  dissolved  in  the  excess  of  double 
chhiiide  used,    ^^'llen  the  cojiper  is  al- 
T""  most  or  entirely  dissi>lve<l,  redissolve  by 

1  means  of  a  few  drops  of  H  CI  any  lia-sic 

I  salt  of  ii'on  that  has  separated  out,  allow 

I  the  carlwn  to  settle,  and  filter  on  an  as- 

'  bestoK  Alter.    This  filter  is  made  by  jdac- 

I  inga  smallplngofaslH'stoslooselyhi  the 

I  yj  filtering-tube  shown  in  Fig.  B.  Tins  plug 

I  J5  should  not  be  more  than  J  inch  thirk^ 

■*I  and  is  iua<le  by  picking  apart  astestos 

/  «^  whifti  has  been  digestwl  in  H  CI,  washed 

•*  thoroughly  with  water,  and  ignited  in  a 

I  tube  in  a  current  of  air  or  oxygen  at  a 

I  high  temperature.    The  fiber  should  not 

[  be  long,  as  the  carbon  may  pass  throngh 

I  tlieplug;  neither  slioidd  it  be  very  short, 

j  as  in  this  case  the  plug  will  not  hold  to- 

j  gether  well,  and  the  solution  will  pass 

»        i through  too  slowly.    After  transferring 

ft*   V  the  carbon  to  the  tube,  clean  the  beaker 

^9  from  any  atlhering  basic  salt  with  an  a<^-id 

j  solution  of  the  dcmble  chloride,  and  re- 

I  move  any  carbon  that  remains  with  a 

J  Uttle  asbestos  in  a  pair  of  i»l8tiuum- 

pointed  threeps,  and  wash  the  filter  with 
warm  water  nidil  it  is  ft-ee  from  chlo- 
rides.   Ojwn  out  the  boat  (Fig.  1>),  and  ti-ansfer  the  asbesb>8  and  car- 
bon while  wet  to  it,  wiping  out  the  tube  with  asbestos  held  in  the  tbr- 
c^^ps.    Bend  the  boat  back  to  it«  proi>er  shajie,  and  dry  in  an  air  bath  at 

•■riiU  salt  vaa  Rnt  iiseil  by  Mr.  A,  S.  MrCn-iitii,  tln'iiiint  to  tin-  «.rinul  KPologitnl 
Survey  of  PeniiH.vlvauiii,  ami  in  lUBiU'  by  <li"Miilviiii:  together  cliluricle  of  itiiiiiinniTini 
aud  neutral  chloriile  of  iMinpi'r  iu  their  Atoiuic  iin>portiiniJi.  anil  eryHlnllizinK  ont  the 
double  Halt.  Thin  in  purint^l  liy  solution  and  ivrryxtiillizatlon,  tlieii  dimolved  in  the 
smallest  iHSHllile  amonnt  of  diHtille<l  wafer,  filti-n-il  tliroiiRh  a^liestos  into  a  i^loaa 
bottle,  and  dilute  NH.HO  added  imlil  n  slij^Ut  iienuiiiiinit  |trei-ii)itate of  cnprio 
LjJralo  iu  fonued.     It  ie  llieii  ri'aiLy  I'nr  usi-. 
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HKPC.  Tlie  boat  is  iii;uU>  of  platiimin  foil,  tint  in  the  sliape  shown  iu 
Fig.  0,  and  lH»iit  in  the  form  sliown  in  Fig.  I),  Flatiimiu  is  a  better  ma- 
terial for  tilt'  boat  than  coiiper,  as  it  lasts  tor  an  iniletinite  miinber  of 


<leti?i-nii nations ;  and  as,  unlike  <'oi>per,  it  (loew  not  absorb  oxygon,  there 
m  no  danger  diuing  the  <'oinbiistion  that  a  rapid  absorption  will  canso  a 
ivtlus  of  the  caustic  potas^^a  Hobition  in  the  Liebig  biiJb.    ThiH  is  very 
hable  to  occur  when  cop- 
per is  used,  unless  the  op- 
ei'ation  is  watclied  most 
(^aPbJnlly,  and  the  current 
of  ox.viien  regulated.    In- 
sert the  boat  iu  the  tube 
B,  shown  iu  the  plate,  and 
hiun     the    carbon    iu    a 
stream  of  oxygen. 

The  apimratiis  consists 
of  a  ten-burner  gas-coni- 
hnstion  liiniace,  A  (seel 
plate),  13  inches  long,  ] 
through  which  runs  the 
porcelain  tube  !*.•  This 
tube  is  25  inches  long,  aud 

J  of  an  inch  in  internal  diameter.  It  projects  6  inches  outside  the  fur- 
nace at  each  end,  and  the  heat  is  prevented  from  rea^'liing  the  ends  of 
the  tube  by  the  sheet-iron  screens  L.  The  tube  is  filled  for  a  length 
of «  inches,  or  from  the  middle  of  the  tube  to  the  trout  end  of  the  fur- 
nace, with  coarse  oxide  of  copper  or  loosely  fitting  coil  of  coarse  cop- 
\ter  gauze  thoroughly  oxidizwl.  The  latter  is  readily  fitted  for  use  by 
inserting  it  in  its  proper  place  in  the  tube  and  heating  it  for  several 
hours  in  a  stream  of  oxygen.  A  ivU  of  thin  sheet  silver  3  or  4  inches 
long,  and  wide  euongli  to  make  a  roll  comjiletely  filling  the  tube,  is 
pla«e4t  just  in  fh>nt  of  the  oxide-of-copper  plug,  aud  senes  to  hold  any 
chlorine  which  may  be  lilwrated  dni'ing  the  combustion.  The  tube  is 
fltt«<I  at  the  forward  end  mth  a  U  tube,  tJ,  filled  with  CaCIj,  t«  which  is 
atta<;he<l  auotlier  U  tube,  H,  filled  with  punnee  saturated  with  a  solu- 

*  lunti'ftil  <if  )i  tHiruplnin  tube  I  uow  ntv  nii«  iiii«l(!  (iF  iiiiitiiiiini,  1ft  iimlitw  Iinijt  mid  J 
inch  iuh'niiil  (lianii'ti'r,  ilritwn  onr  at  thu  furnnnl  t-ml  ti>  i  iiirb  ilmin^tur  for  tin  Hilili- 
Tioiiat  6  iiu'lirH.  It  tiiiH  ft  KTontid  Jotiit  at  tho  rpftr  I'lnl.  tlii>  f^ill  size  «f  the  tiilic.  Tht> 
fiirwurd  f  iid  of  tli>-  tiilw  \h  HIIimI  for  a  diHtaiicr  nf  6  iiii-)i>-H  with  a  roll  of  tiiii.'  iiluliuiiin 
Kauj:e.  Thf  V  tiihe  G  w  fllUfl,  half  with  vutnkt  »atnmt«l  with  CiiSO*.  sml  half  with 
iioiiper  liiniiuini,  wnarattnl  from  thf  imiu)<'e  hy  n  i)hiii  of  aslmatoH,  The  U  f  iilii>  U 
'   =-     -iiCl,. 
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tion  of  Cu  S  0^y  and  heated  until  the  Cu  S  O^  becomes  anhydrous.  To 
this  tnbe  is  attached  the  Liebig  bulb  I,  filled  with  a  solution  of  potas- 
sium hydrate  (sp.  gr.  1.27),  and  the  drjing-tube  J,  filled  j)artly  with 
pieces  of  K  H  ()  and  partly  with  Ca  CI2.  1  and  J  constitute  the  appara- 
tus for  absorbing  the  C  O2,  and  to  the  end  of  J  is  fitted  a  small  tul)e,  K, 
filled  Tvith  Ca  CI2  or  K  H  O,  to  prevent  the  absori>tion  by  J  of  moisture 
from  the  air  during  the  progress  of  the  cond>ustion.  By  cutting  the 
pasteboard  box  in  which  the  Liebig  bulb  usually  comes,  as  shown  in  the 
I>late,  a  very  convenient  holder  for  the  absorption  apx>aratus  may  be 
made.  When  not  attached  to  the  combustion  tube,  the  apparatus  is 
always  fitted  with  little  rubber  caps.  They  serve  to  prevent  gain  and 
loss  of  moisture  by  the  drying  tube  and  potash  bulb  respectively,  and 
are  made  by  cutting  a  piece  of  soft  black  rubber  tubing,  and  squeezing 
one  end  until  it  is  permanently  closed  by  adhesion  of  the  cut  surfaces. 
The  necessity  for  their  use  is  shown  by  the  following  experiments : 

Change  of  weight  of  absorption  apparatus  in  very  dry  winter  weather, 
balance-room  heated  by  furnace  without  water  pan,  potash  bulb  and 
drying  tube  open  on  balance  for  15  hours,—  0,0004  grm. ;  -f  0.0009  grm. ; 
for  three  days,  —  0.0014  grm.  In  very  damp  summer  weather,  15  hours, 
+  0.0017  grm. ;  +  0.0040  grm. ;  for  three  days,  +  0.0150  grm.  In  very 
damp  summer  weather,  the  drying  tube  alone  open  on  balance,  in  15 
hours,  gained  0.(X)53  grm. ;  in  the  same  time  the  potash  bulb  lost  0.0004 
gi*m.  These  are  only  a  few  of  a  large  number  of  experiments,  all  show- 
ing that  in  dry  weather  the  gain  by  the  drying-tube  nearly  counter- 
l)alances  the  loss  bj^  the  potsish  bulbs,  while  in  damp  weather  the  gain 
by  the  former  is  always  largely  in  excess  of  the  loss  by  the  latter.  With 
the  rubber  tips  there  is  no  ai>preciable  change  of  weight  in  any  weather, 
even  after  a  lapse  of  several  days.  The  necessity  for  the  use  of  the 
safety  drying-tube  K  is  shown  by  the  following  experiments : 

The  combustion  was  made  in  the  usual  manner,  excx^pt  that  the  porce- 
lain tube  was  emx)ty;  consequently  there  should  be  neither  loss  nor 
gain  in  the  weight  of  absoqition  api)aratus.  In  very  dry  winter  weather, 
without  safety-tube,  the  rooms  being  heated  by  perfectly  diy  hot  air, 
the  weight  of  absorption  ai)paratus  changed  +  0.0000  grm. ;  —  0.0001 
grm.  5  no  change.  In  damp  summer  weather,  +  0.0038  grm. ;  -t-  0.0022 
grm. ;  +  0.0032  grm. ;  +  0.0035  grm.  With  the  safety-tube  K,  the  change 
is  not  appreciable. 

As  will  be  seen  by  the  plate,  the  connections  between  the  oxygen- 
holder  O  and  the  purifying  api)aratus  M,  the  air  bottles  F,  &c.,ai'e  all  of 
glass.  I  found  by  a  large  number  of  experiments  that  nibber  tubing 
when  used  for  those  connections  ga\'e  oil'  some  slight  amount  of  hydrt)- 
carbon  gas,  which  increased  the  weight  of  the  absori)tion  apparatus  in 
blank  combustions  from  0.0017  grm.  to  0.0035  grm. 

The  combustion  is  conducted  in  the  following  manner :  AVipe  off  the 
absorption  ai)paratus  and  place  it  on  the  balance.  After  it  has  been 
there  long  enough  to  have  perfectly  acquired  the  temperature  inside  the 
balance-case  (about  30  minutes),  remove  the  tips  to  equalize  the  pressure 
of  the  air  inside  and  outside  the  absorption  api)aratus.  Allow  to  stand 
from  10  to  15  minutes,  and  weigh.  Insert  the  boat  in  the  tube  B, 
pushing  it  up  against  the  end  of  the  oxide-of-copper  plug  with  the  rod 
C.  Close  the  tube  tightly  with  the  cork  li,  attach  the  absorption  a^)- 
paratus,  test  to  see  that  it  is  all  air-tight,  open  the  pinch-cock  P,  and  close 
Q.  Start  a  slow  stream  of  oxygen  through  the  apparatus.  Heat  the  tube 
B  carefully,  beginning  at  the  forward  end,  so  as  to  heat  the  oxide-of-cop[K»r 
plug  well  before  the  boat  is  heated.    When  all  the  burners  are  lights*  1, 
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which  takes  generally  from  35  to  45  minutes,  allow  them  to  burn  turned 
on  full  for  25  minutes,  the  tube  being  at  a  full  red  all  the  time.  Close 
the  valve  of  the  oxygen-holder,  put  on  the  pinch -cock  P,  take  ojff  Q,  and 
start  a  slow  stream  of  air  through  tlie  apparatus  to  drive  out  the  oxygen. 
Tliis  is  done  by  jwuring  water  into  the  upper  bottle  F,  and  allowing  it 
to  run  into  the  lower  one,  thus  forcing  the  air  through  the  ai)paratu8. 
When  the  lower  bottle  is  full,  siphon  the  water  out.  In  this  way  the 
bottles  need  never  be  shifted. 

Lower  the  lights  together  very  gradually  to  avoid  cracking  the  tube, 
and  finally  put  them  out.  Run  one  liter  of  air  through,  then  stop  the 
current,  detach  the  absorption  apparatus,  draw  out  the  boat  with  the 
/od  C,  and  the  apparatus  is  ready  for  another  cond>ustion.  Weigh  the 
absorption  apparatus  with  same  precautions  used  in  the  tii*st  weighing. 
The  difference  in  weight  is  C  O2,  which  contains  27.27  per  cent,  of  carbon. 
As  may  be  seen  by  Figs.  2  and  3,  one  end  of  the  boat  is  lower  than  the 
other.  This  is  to  allow  the  rod  C  to  pass  over  the  end  of  the  boat,  the 
point  of  the  rod  being  horizontal.  By  turning  the  point  downward  it 
will  catch  inside  the  boat,  and  the  boat  can  readily  be  withdrawn.  The 
furnace,  as  shown  in  the  plate,  is  inside  a  hood,  to  avoid  heating  the 
room  too  much  when  it  is  in  use.  I  is  a  hole  in  the  glass  through  which 
to  i)a8s  the  rod  (/  in  moving  the  l)oat  in  and  out  of  the  tube  B.  E  is 
another  hole  in  the  glass,  to  allow  the  passage  of  the  connecting-tube  T. 

By  having  two  sets  of  absorption  ai)paratus,  so  that  one  may  be 
weighed  while  the  other  is  in  use,  live  or  six  combustions  can  be  readily 
maile  in  a  day.  If  care  be  used  in  heating  and  cooling  the  tube  B,  one 
tube  wiU  last  for  a  large  nimiber  of  combustions.  1  have  made  150 
combustions  with  one,  and  it  is  still  serviceable.  If  platinum  boats  can 
be  used,  the  combustion  requires  very  little  attention,  aiul  interferes  but 
little  with  other  work  in  a  laboratory.* 

The  results  obtained  are  very  accurate.  In  fact,  in  duplicate  deter- 
minations the  maximum  difference  is  0.0 1  per  cent.  Of  a  number  of 
experiments  made,  the  following  will  serve  to  illustrate  several  points 
in  the  details.  The  results  here  given  are  only  a  few  of  the  many  ob- 
tained. The  others  ai*e  ecpially  satisfactory,  but  are  not  given  because 
it  seems  hardly  necessary  to  multiply  examples. 

The  same  sample  was  treated  by  the  double  chloride  of  coi)i)er  and 
ammonium,  in  one  case  in  an  ice-cold  solution,  the  temperature  being 
maintained  at  0^  C.  during  the  entire  o])erati()n  of  the  solution  of  the 
iion,  precipitation  and  8ubse<pient  solution  of  the  coiiper.  In  the  other 
case  the  operation  was  conducted  exactly  as  directed  above,  warming 
the  solution  on  water-bath,  &c.  The  solution  should  not  be  heated  above 
50OC. 

_  -^   _   ..         .        _  .  .  ^     - 

Cold  »«>ln-    Wamisolu- 


Sample  No.  1. 
Sani]jh>  Xo.  2. 
Samph*  Xo.  3. 
Saniplf  Xo.  4. 
Samjile  Xo.  5. 
Sample  Xo.  6. 


tion,   i>er 

tiou,   per 

i'ont.  car- 

ceiit.  car- 

bou. 

bon. 

1. 154 

1.156 

1.150 

1. 153 

0.  252 

0.246 

0.343 

0.345 

1.100 

1.102 

0.484 

0.480 

*  The  cost  of  the  apparatus  is  very  little.  Including  the  furnace,  which  alone  costs 
|25,  the  entire  cost  (not  counting  the  hood,  which  is  not  a  part  of  the  apparatus,  nor 
the  oxygen-holder,  which  can  be  hired)  would  not  exceed  $35. 
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ComparlHon  of  rvHultH  obtained  by  diffvrent  methoiJs  on  the  same  sample  of 

Hteel. 

VvY  rent,  carlion 
McthiKl  \\mh{.  obtuiiicd. 

DdiiliU*  c'lil<»riile  of  copiwr  aii<l  aininouiiim  as  solvent: 

C«»nilmstioii  <it'  n*si<lue  in  boat  in  tiiUt* LlTifi 

C'onibustioii  of  n-sidiu*  in  l»oat  iii  tube 1.154 

Suli>hat«»  of  ('«)j»i>t^r  as  solviMit : 
Pr.'cil^iratcMl  cojumt  and  carbon  bnrntNl  in  tnbr  l.HK) 

Sti'rl  bnrned  din'ct  in  boat  in  tnb«*: 

Finely  ]»o\vdfnMl 1.140 

C'oars**  powdt'i* 0.944 

Still  i'oavsjT  pow<b'r {).^tl 

Woi'bb^rs  modi ti cat! oil  of  B»TZf*lius  rhloiino  prorrsH I.IOO 

(In  the  above  determiurttiou  the  V\  was  not  perfectly  (lejnivedof  air, 
and  the  result  is  cou.sequently  low.) 

Carboiiarcons  ivsidn«*  from  solution  of  stotd  in  <loubh'  t'lilorid«'  of  (M»]»iM'r  and 
ainnioniuin  \vfi«^b**d  on  r*»nnt**r|>t»is(*«l  tiltrr,  an<l  7(>  jwr  wwX,  (»f  wt*i;;ht 
taken 1.155 

Ditto  i.i:o 

SLAG  AND  OXIDE  OF  IRON. 

Weijxh  5  ^rnis.  of  borings  free  from  hi!ni)s  into  a  No.  2  (iriftin's 
beaker.  Stand  the  beaker,  earefully  covered  with  a  wat<'h-glass,  in  a 
dish  tilled  with  scra])ed  ice  or  snow,  so  that  the  bottom,  and  sides  half- 
way up,  shall  be  in  e<mtaet  with  it.  Pour  over  the  inm  in  tlie  beaker 
25  c.  c.  ice-cold,  boiled  water,  and  stir  until  all  the  air  in  the  borings  has 
escaped.  Aihl  gradually  28  to  30  gnus,  of  resublimed  iodine,  stirring 
occasionally  until  all  the  iodine  has  dissolved.  Keej)  the  beaker  con- 
stantly surrounde<l  by  ice,  and  add  the  iodine  slowly  enough  to  prevent 
any  rise  in  the  temperature  of  the  solution.  Allow  the  solution  to  stand 
several  hours,  with  occasional  stirring,  and  when  the  iron  is  perfectly 
dissolved  dilute  with  7.V-100  c.  c.  cold  boiled  water,  allow  the  insoluble 
matter  to  settle,  and  decant  the  supernatant  fluid  on  a  small  filter. 
Wash  the  insoluble  matter  several  times  by  decantation  with  cold  water. 
Then  pour  on  the  insoluble  matter  a  little  water  with  a  few  ch-ops  of 
HCl,  and  observe  whether  any  hydrogen  is  disengaged.  If  none  can  be 
perceived,  the  metallic  iron  may  be  considered  entirely  dissolved;  but  if 
gas  is  given  off,  the  opposite  is  the  case.  In  either  event,  quickly  decant 
the  acidulated  water  on  the  filter,  and  if  any  metallic  iron  remains  a<ld 
a  little  water  and  some  iodine  to  dissolve  the  iron  entirely.  When  the 
iron  is  perfectly  dissolved  transfer  the  insoluble  matter,  consisting  of 
graphite,  carbonaceous  matter,  slag,  oxide  of  iron,  and  some  silica,  to 
the  lilter,  wash  the  filter  once  with  very  dilute  II  CI  (1  aeid  to  20  water), 
and  finally  A\ith  cold  water  until  the  filtrate  is  free  from  iron.  Punch 
the  filter,  and  wash  the  insoluble  matter  through  into  a  small  platinum 
or  silver  capsule.  Bum  the  filter,  and  add  the  ashes  to  the  material  in 
the  capsule.  Evaporate  almost  to  dryness,  to  get  rid  of  the  water  used 
in  washing  the  insoluble  matter  into  the  cai)sule;  add  50  c.  c.  solution  of 
])otassium  hydrate,  s]).  gr.  1.1.  Boil  15  or  20  minutes,  decant  the  liquid 
on  a  very  small  close  filter,  repeat  the  boiling  with  fresh  potassium 
hydrate,  and  finally  transfer  the  insoluble  matter  to  the  filter,  and  wash 
with  hot  water  until  the  filtrate  leave>s  no  residue  on  evaporating  a  few 
drops  to  dryiu^ss.    Dry,  ignite,  and  weigh  as  slag  and  oxide  of  iron. 
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COPPER   AND   THE    ALLOYS    OF   COPPER,  ZINC.    AND    TIN. 

METHODS  USED  IN  THE  ANALYSIS   OF   INGOT  AND  SHEET  COPPER,  AND 

IN  THE  ALLOYS  OF  COPPER,  TIN,  AND  ZINC. 

Ingot  copper  usually  contains,  besides  copiier  in  the  metallic*  state, 
copper  as  suboxide,  silver,  iron,  arsenic,  antimony,  bismuth,  lead,  zinc, 
sometimes  tin  and  carbon,  and  rai  ely  suli)hur. 

For  the  determination  of  total  copper,  weigh  out  one  gramme  of  turn- 
ings or  chi]>pings,  and  dissolve  in  10  c.  c.  HNOaina  No.  li  (iriflin's 
beaker.  When  solution  is  complete,  add  0  c.  c.  stnmg  H2S()4,  and 
evaporate  down  on  sand  bath  until  cojiious  fumes  of  S  O3  are  given  ott". 
Cool,  dilute  with  cold  water  until  beaker  is  thi'ee-fourths  full,  and  de- 
termine the  copper  by  electrolysis  with  the  apparatus  shown  in  Plate 
VIII,  Fig.  1.  The  apparatus  consists  of  the  stand  a,  the  uprights  ft,  and 
the  horizontal  piece  /«,  w^hich  moves  on  the  uprights,  and  is  seciu'ed  in 
place  by  the  screws  d.  The  clamps  e  and  /  (three  views  of  which  are 
shown,  A,  B,  and  C,  Plate  VIII),  canying  respectively  the  platinum 
cylinder  and  spiral  (Luckow's),  are  secured  the  proper  distance  a]>art  on 
the  horizontal  ann  by  the  set-screws  s.  The  two  insulated  wires  z  and 
c  lead  respectively  from  the  zinc  and  copjier  elements  of  the  battery, 
and  are  secured  by  the  binding  screws  j  and  A*.  The  whole  is  covered 
with  the  glass  case  /  to  keep  ott'  dust,  &c. 

Considerable  difficulty  was  experienced  in  getting  the  projier  strength 
of  current  for  depositing  the  copper.  A  weak  current  causes  loss  of 
time  by  the  slow  deposition  of  the  Cu,  and  fails  to  separate  the  last 
traces,  even  after  several  days.  The  Cu  is  deposited  by  a  weak  current 
as  a  beautiful  metallic  coating,  which  adheres  verj^  strongly  to  the  cyl- 
inder. With  a  strong  current  the  Cu  is  deposited  quickly  and  entirely, 
but  in  a  dark,  spongy  mass  that  does  not  adhere  strongly  enough  to  the 
cylinder  to  pennit  of  its  being  washed  and  weighed.  To  avoid  this,  the 
battery^  is  arranged  as  in  I),  Plate  VIII,  so  that  by  simply  changing  the 
z  wire  from  the  connector  a  to  />,  the  cuirent  is  increased  by  bringing 
the  third  cell  into  the  circuit.  The  box  containing  the  l)attery  is  placed 
under  the  table  on  which  the  apparatus  stands,  and  is  covered  to  pre- 
vent evaporation  from  tlie  battery  jars.  The  battery  consists  of  three 
Daniell's  2-(iuart  cells,  charged  as  follows :  The  cups  fl  are  tilled  with 
crystals  of  cop])cr  suli)hate,  the  ])orous  cells  and  zincs  and  cop])er-plate 
placed  in  position,  the  ])orous  cells  nearly  tilled  with  water  containing  a 
few  drops  of  strong  H2  S  O4,  and  the  gla^sjars  tilled  to  the  same  height 
with  a  strong  solution  of  sulphate  of  copper.  The  connections  are  ar- 
ranged as  shown  in  Fig.  I),  Plate  VIII,  and  the  box  covered.  The  an- 
alytical ])ro('ess  is  as  follows  :  The  z  wire  being  in  (ij  Fig.  I),  the  cylinder 
and  spiral  washed  and  dried  and  phiced  in  position,  and  tlie  beaker  con- 
taining the  solution  i)laced  as  in  Fig.  I,  Plate  VIII,  lower  the  horizontal 
arm  h  until  the  spiral  just  touches  the  bottcmi  of  the  beaker,  and  allow 
it  to  remain  over  night.  In  the  morning,  wash  down  the  toj)  of  cylinder 
and  beaker,  bring  the  third  cell  into  the  circuit  by  changing  the  z  wire 
to  hj  and  allow  it  to  run  two  hours.  Then  ojien  the  clamp/ and  raise 
the  horizontal  bar  //,  leaving  the  spiral  in  the  beaker,  until  the  cylinder 
is  clear  of  the  beaker.  Detach  the  cylinder,  wash  it  with  cold  water 
and  then  with  alcohol,  dry  at  lOO^  C.,  and  weigh.  Dissolve  otf  the  Cu 
with  II  N  O3,  wash  the  cylinder  with  water  ami  ah'ohol,  dry  as  before, 
and  weigh  ;  the  difference  is  total  Cu  in  the  sample.  Test  the  solution 
left  in  the  beaker  with  II2  S,  and  if  any  Cu  8  is  precipitated  tilter  it  off 
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on  a  small  filter,  and  treat  as  in  the  determination  of  Cii  in  iron  and 
steel.    Add  this  result  to  the  other  for  total  copper. 

SILVER. 

Dissolve  10  gnus,  of  tnrninjrs  in  H  N  O3,  dilute  the  solution,  filter  if 
necessary,  and  add  a  few  drops  of  II  ( U.  Allow  it  to  stand  until  the  Ag 
V\  has  settled,  tilter,  wash,  dissolve  the  AgCl  on  the  filter  in  KHiHO, 
and  allow  it  to  run  into  a  very  small  beaker.  Wash  well,  and  iK)ur  on 
a  little  II  X  ():,  to  dissolve  any  metallic*  silver  formed  by  the  decomposi- 
tion of  the  altered  chloride  by  X  II4 II  (),  wash  into  the  same  beaker,  add 
excess  of  H  N  O3,  allow  the  Ag  CI  to  settle,  tilter,  wash,  ignite,  and 
weigh,  with  the  usual  i>recautions.  The  Agd  obtained  contains  75.26 
per  cent,  of  silver. 

IRON,  ZINC,  NICKEL,  AND  COBALT. 

Dissolve  10  grms.  of  the  coj^ijer  in  II  X  O3,  dilute  and  precipitate  the 
Cu  by  the  battery.  Remove  the  cylinder,  wash  it  oil'  into  the  beaker 
containing  the  solution,  with  cold  water,  evaporate  the  solution  to  dry- 
ness, add  II  CI,  dilute,  precipitate  any  (hi  that  may  remain  by  Hj  S, 
filter  and  evaporate  to  dryness  again  with  a  little  K  01 O3.  Redissolve 
in  a  little  H  CI,  dilute,  add  excess  of  sodium  acetate,  boil,  and  tilter  off 
the  iron,  redissolve  in  H  ( ■!,  reprecipitate  the  oxide  of  iron  with  N  H4 
H  O,  tilter,  burn,  and  weigh  as  Fe2  O3,  which  contains  70  per  cent,  of  Fe. 

A<1(1  the  two  tiltrates  together,  add  an  excess  of  acetic  acid,  heat  to 
boiling,  and  pi'(H!i])itate  the  Zn,  Xi,  and  Co  as  suljdiides  by  H^  S.  Filter, 
wa«h,  dry,  and  ignite  the  precipitate  in  a  small  porcelain  crucible.  Trans- 
fer to  a  small  beaker,  and  digest  in  aqua  regia,  evaporate  to  dryness  with 
II  CI  in  excess  until  all  HN  O3  is  expelled,  redissolve  in  3  or  4  dro]>8  of 
H  CI,  dilute  a  little,  add  ex(»ess  of  pota^ssium  cyanide,  and  precipitate 
the  Zn  a^s  sulphide  by  sodium  suli>hi<le.  Filter,  wash,  dry,  and  ignite 
the  sulphide  of  zinc  in  a  porcelain  crucible,  digest  in  H  CI,  tilter,  e valer- 
ate off  excess  of  H  CI,  and  jirecipitate  the  zinc  by  'Nb^  C  O3.  Filter,  wash, 
dry,  and  ignite  as  Zn  O,  which  contains  80.24  per  cent,  of  Zn. 

To  the  tiltrate  from  the  sulphide  of  zinc  add  excess  of  H  CI,  and  K  CI 
O3,  and  boil  off  all  hydrwyanic  aci<l,  i)recipitate  Xi  O  and  Co  O  by  solu- 
tion of  K  HO,  filter,  dissolve  in  HCl,  and  separate  the  Xi  and  Co  a.s  in 
the  determination  of  nickel  and  cobalt  in  ii'on  and  steel. 

ARSENIC  AND  ANTIMONY. 
(Abol  &  Fi»-ld,  Journal  of  Chem.  Soc,  XIV,  291.) 

Dissolve  10  ginis.  of  the  copper  in  II X  O3,  add  a  small  amonnt  of  solu- 
tion of  lead  nitrate,  e(|ual  to  0.5  grm.  \>f  the  salt,  then  an  excess  of  am- 
monia and  <'arbonate  of  ammonia.  Allow  the  precijiitiite,  which  may 
contain  oxide  and  carbonate  of  lead,  arseniate  and  antimoniate  of  lead, 
and  oxide  of  bismuth,  to  settle;  filter,  wash,  and  digest  it  in  a  strong 
solution  of  oxalic  acid,  which  dissolves  the  arsenic  and  antimony.  Filter, 
add  solution  of  suli)hate  of  magnesia  and  excess  of  ammcmia,  and  pre- 
cii>itate  the  arsenic  as  ammonium-magnesium-arseniate.  Allow  to  settle, 
filter  (m  counteii)oised  filters,  dry  at  lOCP  C,  and  weigh  as  2  [As  Mgz 
(X  II4)  1)4]  +  II2O,  which  contains  30.47  per  cent,  of  arsenic. 

To  the  filtrate  add  slight  exccvss  of  II(?1,  and  pi^cjijutate  the  antimony 
by  H2  S;  filter,  wash,  and  determine  as  Sl)2  O4  by  treatment  with  II N  O3. 
This  contains  79.22  per  cent,  of  antimony. 
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BISMUTH  AND  LEAD. 
(Abel  &  Field,  Journal  Cliem.  Soo.,  XIV,  294.) 

Dissolve  10  or  20  grms.  of  the  copper  iii  H  NO3,  and  acid  a  small  quan- 
tity of  solution  of  sodium-ammoniuui-phospliate  and  excess  of  NH^  H  O. 
Allow  the  precipitate  to  settle,  filter,  wash  with  dilute  solution  of  am- 
monia^ dissolve  in  HCl,  add  excess  of  XH4HO,  and  pass  H^S  thi'ough 
the  solution.  Filter  off  the  precii>itated  sulphides  of  lead  and  bismuth, 
wash  thoroughly,  and  dissolve  in  dilute  H  X  O3.  Nearly  neutralize  this 
solution  with  N  H^  II O,  and  digest  with  a  small  excess  of  hydrated  oxide 
or  basic  nitrate  of  copper  to  pi^ecipitiite  the  bismuth ;  the  lead  remains^ 
in  solution.  Dissolve  tlie  washed  precipitate  of  oxide  of  bismuth  in 
H  N  O3,  and  separate  it  from  copi)er  by  N 11^  II O ;  filter,  wash,  and  de- 
termine the  Bi  O3  in  the  usual  way.  It  contains  89.65  per  cent,  of  bis- 
muth. 

If  tlie  copper  contains  iron,  ferric  oxide  will  be  precipitated  with  the 
BiOa.  In  this  case  dissolve  the  precipitate  in  dilate  acid,  and  precipi- 
tate by  II2  S.  Filter  off  the  suli)hide  of  bismuth,  wash  with  water  con- 
taining II2  S,  redissolve  in  dilute  II N  O3,  and  reprecipitate  by  ammonium 
carbonate ;  filter,  wash,  ignite,  and  weigh  as  before. 

To  the  solution  containing  the  nitrates  of  copper  and  lead  add  Na^ 
C  O3  until  the  solution  is  slightly  alkaline,  acidulate  with  acetic  acid, 
and  i)recipitate  the  lead  as  chromate  by  acid  potassium  chromate.  Fil- 
ter on  counterpoised  filter,  and  weigh  as  Pb  Cr  O4,  which  contains  64.04 
per  cent,  of  lead. 

CUPROUS   OXIDE,   OB  OXYGEN. 
(Abel,  Journal  of  Cliem.  Soc,  XVII,  164.) 

Carefully  weigh  a  piece  of  the  copper,  after  cleaning  the  surface  from 
any  adhering  oxide  by  means  of  a  file  or  sandpaper,  and  digest  it  in  a 
cold  neutral  solution  of  silver  nitrate  for  three  or  four  hours.  Eemove 
the  jwrtion  unacted  upon,  wash  it  off*  carefully,  dry,  and  weigh  it  5  the 
difference  between  tliis  and  the  first  weight  gives  the  amount  of  copper 
acted  upon  by  the  silver  nitrate. 

Filter  through  asbestos,  and  wash  the  mixture  of  precipitated  silver 
and  basic  cupric  nitrate.  Digest  it  for  half  an  hour  in  a  known  quan- 
tity of  suli)huric  acid  containing  1  part  H2  S  O4  to  100  x>art8  water.  Filter 
from  the  metallic  silver,  and  detennine  the  free  acid  by  alkalimetry. 

The  quantity  of  acid  neutralized  by  the  cupric  oxide  is  equivalent  to 
the  cui)rous  oxide,  or  oxygen  in  the  metallic  copper  in  accordance  with 
the  reaction. 

Cua  O  +  2  Ag  ]fr03  =  2  Ag  +  Cu  (^03)2  Cu  O. 

Professor  Abel  used  in  his  estinmtions  a  vSolution  of  Na^j  C  O3  to  neu- 
tralize the  sulphuric  acid,  but  1  find  a  sokition  of  ammonia  much  more 
satisfactory.  I  have  prepared  the  sulphuric  acid  and  ammonia  as  fol- 
lows: 

Heat  pure  sulphate  of  coi)X)er  in  a  porcelain  cnicible  until  it  becomes 
anhydrous  (the  heat  should  not  exceed  a  very  low  red).  Transfer  it  to 
a  carefiilly  weighed  glass  tube,  stoi)ped  with  a  cork  covered  with  tin  foil, 
while  still  hot ;  cool  in  a  desiccator,  and  weigh.  The  difference  is  the 
weight  of  the  Cu  S  O^. 

Wash  the  tube  out  carefully  into  a  flask,  dissolve  in  distilled  water, 
heat  to  boiling,  and  x)recii)itate  the  Cu  by  a  current  of  H2  S.    When  the 
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Cii  is  all  precipitated,,  filter,  wash  with  hot  water,  and  make  up  the 
filtrate  to  the  proi)er  vohime,  aeeorduig  to  the  proportion 

159.2  :  98  =  wt.  of  Cii  S  O,  :  wt.  of  K^  S  O, 

80  that  the  sohitioii  shall  eoutaiii  in  1(M)  e.  e.  one  grm.  of  IIj  S  O4 
Thirty  gTamiues  of  the  crystallized  sulphate  of  copper  will  make  alwut  1 
liter  of  the  standard  acid. 

To  ])repare  the  ammonia,  take  25  c.  c.  strong  N  H^II  O,  and  dilute  it  to 
about  800  c.  c.  with  distilled  water.  Add  a  few  drops  of  an  aqueous  solu- 
of  haematoxvlin  to  25  c.  c.  of  the  standard  a(*id  diluted  to  abimt  300  c.  c., 
and  add  the  ammonia  from  a  burette  until  the  proper  reaction  is  obtained. 
Then  by  a  simple  proportion  determine  the  auumnt  of  dilution  re<iuired 
to  make  1  c.  c.  of  the  ammonia  equal  to  1  c.  e.  of  the  acid.  For  instance, 
if  the  ammonia  solution,  after  fillhig  the  burette,  measures  800  c.  c,  and 
there  is  recpiired  of  it  20  c.  c.  to  saturate  25  c.  c.  of  the  acid,  then 
20  :  25  =  800 :  1000,  and  200  c.  c.  of  distilled  water  nuist  be  added  to  the 
ammonia  solution  to  nmke  it  the  proi)er  strength. 

If  the  ammonia  solution  shouhl  prove  to  be  too  weak  at  first,  add 
a  little  strong  ammonia,  and  rejjeat  the  titration.  If  upon  testing  the 
ammonia  solution  after  dilution  it  should  prove  to  be  within  two  or  three 
tenths  of  a  c.  c.  in  50  of  the  proper  strength,  it  is  accurate  enough. 

In  the  determination  of  the  suboxide  of  coi)per,  after  digesting  the 
silver  and  basic  cui>ric  nitrate  in  50  c.c.  of  the  standanl  acid,  and 
filtering  from  the  precipitated  silver,  dilute  to  about  400  c.  c,  add  the 
haematoxylin,  and  run  in  the  ammonia  solution  from  a  biuette  until  the 
yellow  color  of  the  solution  disapi)ears.  Subtract  the  number  of  c.  c. 
thus  obtained  from  the  number  recpiired  to  neutralize  the  standard  acid ; 
the  difference  is  the  volume  of  standard  acid  recpiired  to  neutralize  the 
basic  cupric  salt;  Then,  as  1  c.  c.  of  the  standard  acid  is  ecpial  to  0.01 
gnn.  of  the  II2  S  O^,  multiply  the  number  of  c.  c.  obtained  by  .01,  and 
the  result  is  the  weight  of  lU  8O4  neutralized.    Then, 

II2  S  O4 :  Cu2  O  =  wt.  of  Ilg  S  O4  obtained  :  wt.  of  Cuj  ()  required. 

Or, 

112  S  O4 :  O  =  ^t.  of  II2  S  O4  obtained  :  wt.  of  O  required. 

These  weights  divided  by  the  amount  of  copi>er  acted  u]>on  by  the 
solution  of  Ag  N  O3  give  the  percentages  respectively  of  Cu,  O  and  oxy- 
gen in  the  copper. 

TIN. 

Dissolve  10  grms.  of  the  copper  in  H  N  O3,  evaporate  to  dryness,  and 
heat  in  a  porcelain  dish  until  the  cupric  nitrate  is  decomposed.  Eedis- 
solve  in  HNO3,  dilute,  and  stand  aside  until  the  Sn02  shall  have 
settled.  Filter,  wash,  and  dry  the  precipitate.  Separate  the  Sn  O2  as 
perfectly  as*  possible  from  the  filter,  burn  the  filter,  and  fuse  the  whole 
with  eipuil  parts  of  Na2  C  O^  and  S.  Dissolve  in  water,  filter,  and  pre- 
cipitate the  sidphide  of  tin  with  dilute  II  CI  or  II2  S  O^.  Filter,  wash  with 
water  containing  ammonium  acetate,  dry,  and  roast  at  a  low  heat  until 
the  S  is  burned  oft*;  raise  the  lunit  gradually,  and  ignite  at  a  high  tem- 
])erature;  finally  allow  it  to  cool  and  heat  several  times  with  ammonium 
carbonate,  and  until  the  weight  is  constant.  Weigh  as  Sn  Oo,  which 
contains  78.38  per  cent  of  tin. 

If  the  copper  contains  antimony,  this  precii>itate  nuist  be  treated  by 
Eose's  method  (fusion  with  sodium  hydrate  in  a  silver  crucible),  and  the 
amount  of  Sb  determined  and  subtracted  from  the^weight  of  Sn  O2. 
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OAEBON. 

Dissolve  a  weighed  amount  of  the  copper  in  double  chloride  of  copper 
aid  aiumoniurn,  filter  on  asbestos,  and  ignite  in  a  current  of  oxygen,  as 
in  determination  of  total  carbon  in  steel. 

SULPHUK. 

Ignite  the  finely  divided  copper  for  several  hours  in  a  current  of  puri- 
fied hydrogen,  pass  the  gas  through  a  solution  of  oxide  of  lead  in 
potassium  hydrate,  and  treat  the  precipitate  as  in  determination  of 
sulphur  in  iron  and  steel. 

SEPARATION  OF  TIN  AND  COPPER  IN  ALLOYS. 

Dissolve  1  grm.  of  the  alloy  in  HNO3,  evaporate  to  dryness  on  the 
water-bath,  cool  and  moisten  the  dry  residue  with  H  CI.  Allow  it  to 
stand  at  the  ordinary  temperature  for  several  hours,  and  add  about  700 
or  800  c.  c.  of  cold  water.  It  should  dissolve  without  residue.  Add  50 
c.  c.  of  dilute  Hg  S  O4  (one  of  acid  to  ten  of  water),  and  stand  over  night  on 
the  water-bath.  Decant  the  clear  supernatant  fluid  through  a  filter,  wa«h 
several  times  by  decantation  with  hot  water,  and  boil  the  precij)itate 
with  a  mixture  of  H  N  O3  and  water,  one  to  ten.  Allow  the  precipitate 
to  settle,  decant,  and  wash  by  decantation  through  the  same  filt.er. 
Finally,  transfer  to  the  filter,  wash  with  hot  water,  diy,  ignite,  and 
weigh  a8  Sn  O2,  which  contains  78.38  per  cent.  Sn.  Test  the  precipitate 
for  lead  and  copper  by  fusion  with  Naj,  C  O3,  and  S.  Evaporate  all  the 
filtrates  from  the  Sn  O2,  and  heat  until  fumes  of  S  O3  are  given  off.  Cool, 
dilute,  and  precipitate  the  Cu  by  electrolysis,  as  in  the  determination  of 
Cu  in  ingot  copper. 

SEPARATION  OF  COPPER  AND  ZINC  IN  ALLOYS. 

Dissolve  1  grm.  of  the  alloy  in  10  c.  c.  11  ^  O3,  add  8  c.  c.  strong  H^ 
8  O4,  and  heat  until  fumes  of  S  O3  are  given  off.  Cool,  dilute,  and  pre- 
cipitate the  Cu  by  electi*olysis,  washing  off  the  cylinder  with  distilled 
water  into  the  beaker  containing  the  solution.  Pass  H2  S  into  this  solu- 
tion, collect  any  Cu  S  that  may  be  precipitated  on  a  small  filter,  and 
tletermine  the  amount  as  in  the  determination  of  Cu  in  ii'on  and  steel. 
To  the  filtrate  add  a  little  bromine  water  to  destroy  the  S  and  oxidize 
anj'^  iron  which  may  be  present;  neutralize  with  Na?  C  O3,  add  excess  of 
acetic  acid  and  sodium  acetate,  and  boil  to  separate  the  iron ;  filter,  heat 
to  boiling,  and  precipitate  the  zinc  as  sulphide  by  a  ciuTent  of  H2  S. 
Allow  the  precipitate  to  settle ;  wash  by  decantation  with  watercon- 
taining  H^  S.  Finally,  transfer  to  the  filter,  wash,  dry,  ignite  several 
times  with  ammonium  carbonate,  and  weigh  as  Zn  O,  wliich  contains 
80.24  per  cent,  of  Zn. 

SEPARATION  OF  COPPER,  TIN,  AND  ZINC  IN  ALLOYS. 

Digest  1  grm.  of  the  triple  alloy  in  UN  O3,  evaporate  to  dryness^ 
cool,  moisten  with  II  CI,  and  determine  the  Sn  O2  as  in  the  determina- 
tion of  Sn  in  copper-tin  alloys.  Determine  the  Cu  in  the  filtrate  by 
electrolysis  as  in  the  same  sei)aration,  and  the  Zn  in  the  solution  from 
the  copper  precipitation,  as  in  the  determination  of  Zn  in  copper-zinc 
alli)ys. 

11.  Ex.  98 19 
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DETERMINATION  OF  SMALL  AMOUNTS  OF  LEAD   IN  COMMERCIAL  ZINC 

AND  ALLOYS. 

I  have  applied  Abel  and  Field's  methcKl  for  the  deteriniiiation  of  lead 
in  ingot  cox>per  to  its  determination  in  commercial  zinc  (8i)elter)  and  the 
various  alloys  of  Cu,  Zn,  and  Sn.  The  mode  of  procedure  is  the  same, 
except  in  alloys  containing  tin.  In  these  treat  10  grms.  of  the  alloy  with 
H  N  O3,  evaporate  to  dryness,  boil  with  100  c.  c  H  N  O3,  and  water,  equal 
part«,  dilute,  hlter  from  Sn  O2,  add  a  little  K II4,  Na,  H,  P  0„  and  exceiw 
of  N  H4  H  O.  Allow  the  precipitate  to  settle,  filter,  wash  ^vith  water 
containing  N  H4  H  O,  dissolve  on  the  filter  in  hot  dilute  H  CI,  and  allow 
the  solution  to  run  into  a  small  beaker.  Add  excess  of  N II4  H  O  and 
2^  H4  H  8.  Allow  the  precipitate  to  settle,  filter,  and  wash  with  water 
containing  N  H4  H  S.  Dry  and  ignite  the  precipitate  and  filter,  transfer 
to  a  small  beaker,  digest  in  H  X  O3  and  a  little  H2  S  0„  evaporate  off  the 
H  N  O3,  dilute  with  water  and  alcohol,  equal  part«,  and  allow  the  Pb 
8  O4  to  settle.  Filter,  wash,  dry,  ignite,  and  weigh  as  Pb  8  O4,  which 
contains  68.32  per  cent.  Pb. 
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EDITOR'S  PREFACE. 


The  investigation  of  the  properties  of  alloys  of  copper  and  tin  here 
reported  npon,  was  entered  npon  under  a  resolution  of  the  United  States 
Board  to  Tes  t  Iron,  Steel,  and  other  Metals,  passed  April  17, 1875,  direct- 
ing a  determination  of  ^Hhe  mechanical  properties  and  of  the  physical 
and  chemical  relations  of  alloys  of  copper,  tin,  and  zinc,''  and  under  the 
arrangement  of  committees  approved  by  the  board,  April  23, 1877,  which 
assigned  to  the  committee  on  alloys  the  duty  of  "assun^in^  charge  of  a 
series  of  experiments  on  the  characteristics  of  alloys  and  an  investiga- 
tion of  the  laws  of  combination." 

This  research  was  conducted  in  the  Mechanical  Laboratory  of  the  De- 
partment of  Engineering  of  the  Stevens  Institute  of  Technology  under 
the  authorization  of  tjie  Trustees,  who,  although  without  power  to  as- 
sume responsibility  involving  pecuniary  risk,  cordially  gave  the  work 
their  countenance,  and  permitted  the  use  of  every  facility  which  the 
Institute  afforded  in  the  prosecution  of  the  work,  and,  as  have  the  Presi- 
dent and  members  of  the  Faulty,  aided  most  effectively  wherever  oppor- 
tunity offered. 

This  preliminary  study  of  a  wide  and  imiK)rtant  field  will,  it  is  hoped^ 
prove  to  have  been  so  satisfactorily  done  that  a  repetition  of  the  work 
may  never  be  required,  and  that,  in  the  future,  research  may  be  thus 
profitably  confined  to  matters  of  detail  in  those  parts  of  this  field  which 
are  here  shown  to  be  of  most  promise  and  where  investigation  may  be 
most  certain  to  yield  liberal  returns. 

The  principal  assistant  and  observer  in  this  extended  and  extremely 
laborious  work  has  been  Mr.  William  Kent,  without  whose  intelligent 
assistance  we  should  have  often  found  it  necessary  to  suspend  work 
temporarily,  and  should  have  been  compelled  to  take  a  very  much  longer 
time  for  its  completion.  I  cannot  speak  too  highly  of  his  conscientious 
and  skillful  work,  not  only  at  the  testing-machines,  but  in  working  up 
results.  He  is  to  be  credited  also  with  many  valuable  suggestions  and 
with  some  of  the  very  ingenious  devices  which  have  greatly  abridged 
the  work.  The  committee  are  also  indebted  for  similar  assistance  to 
Mr.  J.  £.  Denton,  assistant  in  charge  of  the  Mechanical  Laboratory,  to 
Mr.  Theo.  F.  Koezlv,  and  to  Mr.  and  Mrs.  F.  T.  Thurston.  The  latter  were 
invaluable  coadjutors  in  the  preparation  of  the  report,  and  especially  of 
its  illustrations.  The  conscientious  accuracy  of  their  work  is  best  indi- 
cated by  reference  to  the  plates  which  accompany  this  report.  Mr.  F. 
T.  Thurston  is  especially  entitled  to  credit  for  essential  assistance  ren- 
dered in  editing  this  report,  every  page  of  which  has  passed  under  his 
revision. 


PREFACE. 

With  their  skillful  aid,  the  endeavor  has  been  made  to  carry  out  the 
plan  of  the  committee  faithfully  and  with  all  possible  thoroughness  and 
accuracy. 

The  intention  of  the  committee  was,  not  to  determine  the  character  of 
chemically  pure  metals,  melted,  cast  and  cooled  with  special  precaution, 
but  to  ascertain  the  practical  value  of  commercial  metals,  as  found  in 
the  markets  of  the  United  States,  melted  in  the  way  that  such  alloys 
are  prepared  in  every  foundery  for  business  purjioses,  and  cast  and 
otherwise  treated  in  every  respect  as  the  brass-founder  usually  handles 
his  work.  The  endeavor  has  been  to  determine  what  is  the  practical 
value,  to  the  brass-founder  and  to  the  constructor,  of  commercial  mate- 
rials treated  in  the  ordinary  manner  and  without  any  special  precaution 
or  any  peculiar  treatment. 

The  investigation  of  the  effect  of  various  kinds  of  fluxes  and  methods 
of  fluxing  and  of  special  methods  of  treatment  of  the  alloys  after  cast- 
ing, is  reserved  for  a  future  research. 

The  result  of  this  investigation  has  been  the  approximate  determina- 
tion of  the  mechanical  properties  of  all  alloys  of  copper  and  tin. 

The  set  of  diagrams  representing  the  method  of  variation  of  each  of 
these  properties  with  variation  of  composition,  will  exhibit  this  result 
most  satisfactorily. 

Those  diagrams  form  a  very  concise  compendium  of  the  whole  work. 
Other  diagrams  are  given,  of  which  the  curves  exhibit  the  behavior  of 
every  test-piece  from  the  instant  of  application  of  the  initial  load  to  the 
end  of  the  test.  The  /ac  similes  of  the  Autographic  Strain  Diagrams 
obtained  automatically  by  the  use  of  the  Autographic  Recording  Test- 
ing-Machine, designed  by  the  wTiter,  also  exhibit  the  characteristics  of 
each  alloy  as  described  by  itself,  and  give  the  strength,  resilience,  mo- 
dulus of  elasticity,  and  homogeneousness  of  every  portion  of  every  bar 
of  metal  made. 

In  the  text  of  the  report  will  be  found  a  statement  of  the  more  im- 
portant facts  determined,  and  the  tables  appended  contain  all  the  results 
of  observation.  The  whole  forms  a  collection  of  facts  that  will  probably 
repay  a  vastly  more  complete  analysis  and  more  careful  study  than  it 
has  been  possible  to  give  them. 

Little  more  has  been  done  than  to  determine  facts ;  their  comparison 
and  the  determination  of  laws  and  of  corollaries  is  a  still  greater  task, 
and  months  might  be  i^rofitably  spent  in  the  work. 
Very  respectfully, 

R.  H.  THURSTON, 
Chairman  of  Committ^e^ 

Editor  of  Report 
Mechanical  Laboratory, 

Department  of  Engineering, 

Stevens  Institute  of  Technology, 

February  25, 1870. 


To  the  United  States  Board  appointed  to  test  Iron,  Steel,  and  other  Metals: 

Gentlemen  :  The  undersigned,  a  Committee  appointed  by  you  with 
instructions  "  to  assume  charge  or  a  series  of  investigations  of  the  char- 
acteristics of  alloys,"  present  herewith  a  report  ui>on  the  Copper-Tin 
Alloys. 

This  research  has  been  made  under  the  direction  of  this  Committee 
and  under  the  direct  sux)ervision  of  its  chairman.  The  Committee  will, 
immediately  upon  its  completion,  present  a  similar  report  upon  the  Cop- 
per-Zinc alloys,  and  a  report  upon  the  Triple  Alloys  of  Copper,  Tin,  and 
Zinc  will  follow.  The  work  has  been  done  in  the  same  way  and  under 
the  same  direct  supervision  as  that  on  the  copper-tin  alloys. 

The  Committee  take  great  pleasure  in  presenting  these  reports  to  the 
Board.  Tliey  represent  the  results  of  the  first  complete  and  systematic 
researches  ever  made  upon  these  most  important  of  all  the  alloys  of  use- 
ful metals.  This  work  has  been  carefully  planned,  and  the  plans  formed 
have  been  completely  carried  out.  The  re4sult  has  been  the  complete 
exploration  of  a  broad  and  most  important  field  of  which  almost  nothing 
was  previously  known.  Ordnance-bronze,  bell-metal,  and  speculum- 
metal,  a  few  grades  of  brass  and  of  the  triple  alloys,  were  the  only  alloys 
familiar  to  our  founders  and  engineers. 

The  whole  field  has  now  been  explored  and  the  useful  alloys  are 
proven  to  occupy  but  a  limited  portion  of  its  great  extent,  and  it  has 
been  now  shown  that  a  comparatively  narrow  band  extending  from  ord- 
nance-bronze, on  the  one  side  of  this  triangular  territory,  to  Muntz 
metal,  on  the  other,  contains  all  of  the  best  of  the  generally  useful 
alloys.  This  small  portion  of  valuable  territory  having  been  pointed 
out  and  defined,  its  more  minute  study  may  be  left  for  future  investi- 
gators. 

Your  Committee  desire  to  invite  especial  attention  to,  and  to  ask  a  care- 
ful, study  of,  the  strain-diagrams  of  the  copper- tin  and  the  copper-zinc 
alloys,  and  a  still  more  careful  examination  of  the  graphical  representa- 
tion 01  the  results  of  the  research  on  the  copper-tin -zinc  alloys,  as  pre- 
senting most  completely  and  satisfactorily  the  characteristics  of  all  pos- 
sible combinations  of  the  metals  used. 
Very  respectfully, 

E.  H.  THURSTON, 
L.  A.  BEARDSLBB, 
DAVID  SMITH, 
Connmittee  on  Metallic  AUoys^ 
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A  PRELIMINARY  EXPERIMENTAL  RESEARCH  UPON  THE 
MECHANICAL  PROPERTIES  OF  SMALL  CASTINGS  OF  THE 
ALLOYS  OF  COPPER  AND  TIN. 

The  part  of  this  research  which  has  been  completed,  and  of  which  the 
results  are  given  in  the  following  pages,  consists  of  an  investigation  of 
the  strength,  ductility,  resilience,  and  other  mechanical  properties  of  the 
alloys  of  copper  and  tin,  in  the  form  of  cast  bars  about  28  inches  long 
and  1  inch  square  in  section,  prepared  from  the  best  commercial  metals^ 
simply  ordinarj'  precautions  being  taken  to  secure  good  castings.  It 
was  desired  to  leai-n,  besides  the  properties  of  each  particular  alloy,  the 
laws  which  connected  these  properties  with  the  proportions  of  the  com- 
ponent metals,  and  also  whether  alloys  mixed  in  simple  proportions  of 
the  chemical  equivalents  of  the  component  metals  possessed  any  advan- 
tages over  other  mixtures.  It  was  reserved  for  a  subsequent  research 
to  determine  the  effect  of  various  methods  of  casting,  of  rapid  or  slow 
cooling,  of  casting  under  x^ressure,  of  using  special  fluxes,  and  of  the 
effects  of  rolling  and  hammering. 

Two  series  of  these  alloys  were  made,  the  first  consisting  of  twenty- 
nine  bars,  of  which  twenty-three  were  mixtures  of  the  metals  in  atomic 
proportions,  four  w  ere  mixtures  made  without  regard  to  the  atomic  pro- 
portions, and  the  remaining  two  were  a  bar  of  copper  and  a  bar  of  tin, 
each  without  admixture. 

The  second  series  comprised  twenty  bars,  ranging  from  97^  per  cent, 
copper  and  2J  per  cent,  tin  to  97 J  tin  and  2 J  copper,  with  a  regular  dif- 
ference of  composition  between  consecutive  bars  of  5  per  cent.  In  ad- 
dition to  these  alloys  a  few  other  bars  of  cast  copper  wei^e  made  and  one 
of  cast  tin. 

After  the  bars  were  prepared  they  were  tested  first  by  transverse 
stress  in  the  manner  hereinafter  described.  The  pieces  remaining  from 
the  transverse  tests  were  then  turned  into  proper  shape  and  tested  by 
tensile  stress.  The  ends  of  the  tensile-test  pieces  were  then  tested  by 
torsion.  In  general,  each  bar  sufficed  for  one  transverse,  two  tensile^ 
and  four  torsional  tests,  and  in  some  cases  compression-test  pieces  were 
made,  as  described  hereafter.  The  turnings  made  in  shaping  the  tensile- 
test  specimens  were  carefully  saved  for  chemical  analysis.  Small  pieces 
from  each  tensile  specimen  were  s^ved  for  the  determination  of  the 
specific  gravity. 

FIRST  SERIES — COPPER  AKD  TIN  ALLOYS. 

The  metals  used  in  preparing  the  first  series  of  copper  and  tin  alloys 
were  procured  from  responsible  dealers,  and  reported  by  them  to  be  the 
purest  commercial  metals  in  market.  The  weighing  was  made  with 
great  care  in  the  Physical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, on  a  balance  made  by  Messrs.  Saxton  and  Bache  for  the  United 
States  Bureau  of  Weights  and  Measures.  The  metal  weighed  out  for 
each  bar  was  4.5  kilogrammes  (about  9.92  x>ounds),  and  the  weighing  was 
made  in  all  cases  to  within  one-tenth  of  a  gramme,  the  balance  being 
sensitive  to  a  very  much  smaller  weight.  The  error  in  weighing  was  less 
than  ^TToTnr  ^^  the  whole. 

A  similar  balance  was  exhibited  by  the  Bureau  of  Weights  and  Meas- 
ures of  the  United  States  Treasury  Department  at  the  Paris  Exposi- 
tion of  1807,  and  is  stated  in  Prof.  F.  A.  P.  Barnard's  report  to  have 
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been  sensitive  to  ^otj^Wo o  ^^  *^^^  weight  in  eaeh  s(*ale,   and  to  have 
i-eeeived  the  highest  praise  from  eminent  French  anthorities.* 

The  following  table  gives  the  ex)mposition  of  tlie  alloys  of  the  first 
series  according  to  their  atomic  i)roportion8  and  i>ercentages  of  original 
mixture,  and  also  according  to  chemical  analysis  made  after  the  tests. 

T.\BLE  I. — Alloys  of  Copper  and  Tin.— First  SERisa. 
Composition  hy  Original  Mixture  and  Analytns, 


N  amber. 

Atomic 
tl< 

Cu. 

1 

96 
48 
94 

propor- 

iU. 

Sn. 

0 

1 
1 

1 

Percentage  by 
original  mix- 
ture. 

On.          Sn. 

1 

Mean  ] 

1     nge 
1     al>  Hif 

Co. 

"97.89 
96.06 
99.11 
90.27 
87.15 
80.95 
76.64 
69.84 
68.  .W 
6.5.34 
69.31 
56.70 
51.69 
47.61 
44.  .V2 
49.38 
3&37 
34.99 
95.85 
93.35 
90.95 
15.08 
11.49 
a  57 
3.79 
0.74 
0.39 

>ercent- 
by    an- 
1. 

Sn. 

"1.96 
3.76 
7.80 
9.5c' 
19.73 
ia84 
93.94 
99.89 
31.26 
34.47 
37.15 
43  17 
4a  09 
59.14 
5,5.98 
57.30 
61.39 
65.80 
73.80 
76.99 
79.63 
84.69 
88.47 
91.39 
96.31 
99.09 
99.46 

1     9 

1  s 

'       0  si 

1 

ioo 

98.1 
96.27 
99.80 
90.00 
86  57 
80.00 
76.39 
70.00 
68.95 
65.00 
61.71 
56.39 
51.80 
47.95 
44.63 
4L74 
39.90 
34.95 
98.79 
94.38 
91.18 
15.19 
11.84 
9.70 
4.99 
Lll 
0.557 
0 

0 

1.9 
.^73 
7.90 
10.60 
13.43 
90.00 
93.68 
30.00 
31.75 
3.5.00 
38.99 
43.68 
4a  90 
59.05 
55.  37 
58.96 
60.80 
65. 05 
71.98 
75.69 
7a  89 
84.81 
8ai6 
90.30 
95.71 
9a  89 
99.443 
100 

8.  4*'7 

i 

8.  54;4 

3 

8.6^9 

4 

8.694 

5 

8.669 

« 

19 

1 

i" 

a  681 

7 

a  7 10 

8 

6 

8.565 

9 ., 

a  9:19 

10 7. 

4 

1 

^.938 
8.947 

11 

18 

3 

19 

9 

19 
3 

4 
6 
1 
3 
3 
1 
1 
1 
1 
1 
1 
1 
0 

1 

5 

1 
7 
9 
3 
5 
1 
4 
5 
9 
3 
4 
5 
19 
48 
96 
1 

a  970 

13 

8.689 

14 

8.560 

15 

a  449 

16 

a  319 

17 

a  309 

18 

19 

a  189 

8.013 

» 

7.948 

31 

7.835 

» 

7.770 

8 

7. 6,57 

94 

7.559 

e 

7.487 

» 

7.360 

87 

7.305 

« 

7.999 

» 

7.99:t 

Analyses  of  the  ingot  metal  used  in  these  alloys  were  made,  with  the 
following  results : 


Hetallifllron , 

Meuilieslne , 

lfcty»e«aTer , 

VMilliearaento 

VetalHe  antinoooy 

IbtalHeeobalt 

Mfltallie  blamath 

V«*^me  nickel 

lUieleMl 

illie  maii|ran«M 

klUe  molybdenum 

lOie  tungsten 

klUcoopper 

Illie  linfT. , 

side  of  oopper 

on , 

icr  imolable  in  aqua  regia 


Ingot  Lake 
Superior 

Ingot  Banc* 
Tin; 

Ingot 
Qnef'naland 

Copper. 

Tin. 

aoi3 

0.0S5 

0.035 

none 

nana 

none 

0.014 

•  ■  •  ■  • 

none 

none 

trace 

none 

none 

none 
none 

none 

none 

none 
none 

trace 

none 

0.165 

0.006 

none 

none 

■  •  «  •  ■ 

none 

99.490 

none 

none 

none 

99.978 

99. 794 

0.537 

0.041 

trt'e 

100.025 

100. 013 

100.00 

*  United  States  Reports  on  Paris  Exi)08ition,  Vol.  Ill,  p.  485. 
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All  the  bars  wei^e  made  in  the  brass  foundry  of  tlie  Mechanical 
Laboratory  of  the  Stevens  Institute  of  Technology,  by  an  experienced 
brass  founder,  but  considerable  difficulty  was  met  with  in  the  cases  of 
many  of  them  in  consequence  of  the  variable  ami  unusual  proportions 
in  mixtures  adopted  which  necessitated  different  methods  of  treatment. 
Several  bars  had  to  be  recast  one  or  more  times  to  secure  even  fairly  good 
castings. 

The  crucibles  used  were  made  of  a  composition  of  plumbago  and  fire- 
clay. Tliey  were  6^  inches  in  height  and  4J  inches  largest  diameter, 
inside  measurements.  The  furnace  was  an  ordinarj-  brass  founder's 
fiimace,  furnished  with  a  strong  chimney  draught.  The  fuel  used  was 
anthracite  coal.  In  mixing,  tlie  copper  was  first  melted  and  the  tin 
added  in  the  solid  state,  in  small  portions  at  a  time,  and  the  mixture 
thoroughly  stiired  with  a  dry  wooden  lath. 

The  first  castings  were  made  in  dry  sand  molds,  but  so  much  trouble 
was  given  by  irregular  surfaces  and  blowholes  that  recourse  \yas  had  to 
a  cast-iron  mold,  which  gave  better  results.  When  the  metal  wjis  poured 
at  too  low  a  temperature  into  the  cold  mold  it  was  sometimes  slightly 
chilled,  giving  an  iiTcgular  surface.  This  was  remedied  by  heating  the 
mohl  to  a  teuiperatiue  somewhat  below  the  melting  point  of  the  alloy, 
the-highest  temi)erature  being  given  it  in  casting  alloys  containing  the 
largest  pei-centages  of  copper.  In  all  cases  the  mold  was  placed  in  a 
vertical  position  while  the  metal  was  being  i)oured  and  cooled.  The 
following  is  a  statement  of  the  method  of  casting  of  each  of  the  twentj'- 
nine  bars. 

No.  1.  All  copper.  Cast  twice  in  dry  sand  mold.  Bai*  broke  in  mid- 
dle each  time  (probably  by  shrinkage).  Cast  in  cold  iron  mold — surface 
uneven.    Cast  in  hot  iron  mold — good. 

No.  2.    97.89  copper,  1.90  tin.    Cast  in  dry  sand — goo<l. 

!No.  3.  96.06  copper,  3.76  tin.  Cast  in  cold  iron  mold — spongy  appear- 
ance on  surface.  Recast  in  hot  iron  mold — surface  somewhat  streaked 
and  iiTcgidar. 

No.  4.  92.11  copper,  7.80  tin.  In  cold  iron  mold — surface  bad.  Re- 
cast in  hot  iron  mold — good. 

No.  5.    90.27  copper,    9.58  tin.     In  hot  iron  mold — good. 

No.  6.    87.15  copper,  12.73  tin.    In  dry  sand — good. 

No.  7.  80.95  copi)er,  18.84  tin.  In  dry  sand — bad  surface.  Recast  in 
hot  iron  mold — good. 

No.  8.    76.64  copper,  23.24  tin.    In  dry  sand — good. 

No.  9.  69.84  copper,  29.89  tin.  In  dry  sand — good.  Yerv  weak  and 
brittle,  and  broke  in  handling.    Recast  in  hot  iron  mold — good. 

No.  10.  68.58  copper,  31.26  tin.    In  hot  iron  mold — good. 

No.  11.  65.34  copi>er,  34.47  tin.    In  hot  iron  mold — good. 

No.  12.  62.31  copper,  37.35  tin.  In  hot  iron  mold — good.  Bi-oke  in 
taking  out  of  mold.    Recast  three  times  before  getting  a  good  casting. 

No.  13.  56.70  (•opper,  43.17  tin.  In  hot  iron  mold — good.  Broke  in 
handling.  Recast  twice,  breaking  each  time  in  the  mold.  Fourth  cast- 
ing good. 

No.  14.  51.62  copper,  48.09  tin.  In  hot  iron  mold — good.  Broke  in 
handling,  lea\'ing  piece  19  inches  long  sufficient  for  test. 

No.  15.  47.61  copper,  52.14  tin ;  to  No.  23.  15.08  cojjper,  84.62  tin,  in* 
elusive.    In  hot  iron  molds — first  castings  good. 

No.  24.  11.49  copper,  88.47  tin.  In  hot  iron  mold.  Bott/om  of  mold 
not  well  stoppered,  and  part  of  metal  ran  out.    Recast — good. 

No.  25.  8.57  copper,  91.39  tin.  In  hot  iron  mold.  Ran  out  of  bottom 
of  mold.    Recast — good. 
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No.  26.  3.72  copper,  96.31  tin.    In  hot  iron  mold — good. 

No.  27.  0.74  copper,  99.02  tin.    In  hot  iron  mold — good. 

No.  28.  0.32  copper,  99.46  tin.    In  hot  iron  mold — good. 

No.  29.  All  tin.  In  cold  iron  mold — ^surface  irregular.  Recast  in  cold 
iron  mold  with  like  result.  In  hot  iron  mold  broke,  apparently  by 
shrinkage.    Recast  several  times  in  hot  mold  before  getting  a  good  bar. 

After  casting,  the  bars  were  finished  to  a  rectangular  section  by  chip- 
ping and  filing,  and  the  more  brittle  bars  by  grinding  with  an  emer>- 
wh^l. 

EXTERNAL  APPEARANCE  OP  THE  BARS. 

Much  could  be  learned  from  the  appearance  of  the  bars  after  casting, 
l)oth  of  their  properties  and  of  their  probable  behavior  under  test.  The 
following  were  characteristic  features : 

(1)  A  regular  gradation  in  color  took  pla(»efrom  bar  No.  1,  all  copper, 
down  to  No.  8,  76.64  copper,  23.24  tin,  the  polished  surface  of  which  lat- 
ter was  light  golden  yellow.  There  was  a  regular  gradation  in  hard- 
uess,  the  No.  8  being  tiled  >\ith  gieat  difficulty. 

(2)  A  sudden  change  of  color  and  of  all  properties  took  ])lace  at  bar 
No.  9 — 69.84  copper,  29.89  tin.  This  bar  was  silver  white  in  (^olor,  and 
^  hanl  that  it  could  not  be  touched  with  a  file.  Pieces  broken  oft* 
Hhowed  a  smooth,  curved  or  conchoidal  fracture.  No.  10 — 68.58  copper, 
31.26  tin — was  almost  exactly  similar  to  No.  9,  and  No.  11 — 65.34  copper, 
34.47  tin — but  little  different. 

(3)  Another  change  of  color  and  properties  at  No.  12 — 62.31  copper, 
37.35  tin — ^which  bar  was  of  a  dark  bluish  gray  color,  and  the  fracture 
somewhat  similar  to  that  of  a  piece  of  granite  or  other  hard  rock.  This 
was  the  most  dense  alloy  of  the  series,  as  shown  in  the  table  of  specific 
gravities.  No.  13 — 56.70  copper,  43.17  tin — was  similar  to  No.  12,  but 
lighter  in  color  and  a  little  softer. 

(4)  Bar  No.  14 — 51.62  copper,  48.09  tin — was  peculiar  in  showing  a 
marked  difference  of  color  and  of  other  properties  in  the  two  ends  of 
the  bar.  The  upper  end  was  precisely  like  bar  No.  12,  while  tlie  bottom 
was  of  a  much  lighter  color,  granular  fracture,  and  was  so  soft  that  it 
could  be  cut  with  a  knife  like  a  piece  of  chalk  or  soapstone. 

(5)  A  change  of  proi)erties  between  bars  No.  14  and  No.  20 — 25.85 
copper,  73.80  tin — occun-ed  gradually,  the  bars  becoming  whiter  and 
softer,  and  the  appearance  of  fracture  changing  from  rough  and  stony- 
like  to  cr>'stalline  or  granular.  No.  20  could  be  cut  with  a  knife,  giving 
a  short  chip  which  had  slight  cohesion.  From  No.  20  to  No.  29  (all  tin) 
the  softness  increased  gradually,  No.  21  giving  a  malleable  chip  on  being 
cut  From  No.  24  to  No.  29  the  apx>earance  of  all  the  bars  was  very 
much  the  same,  difffering  slightly  in  hardness,  and  scarcely  at  all  in 
colw. 

From  these  appearances  it  would  have  at  once  been  conjectured  that  bars 
No.  1  to  No.  8  were  the  only  ones  likely  to  prove  of  value  where  strength 
was  required,  and  that  bars  No.  9  to  No,  18,  inclusive,  were  deficient  in 
ductilitj^  as  well  as  in  strength,  and  for  all  practical  purposes  (except, 
perhaps,  the  extremely  limite<l  use  for  special  purposes,  as  speculum 
metal)  absolutely  worthless. 

Nearly  all  of  the  bars  appeared  to  be  good  castings,  except  the  follow- 
ing :  No.  1,  all  copper,  had  several  blow-holes  in  the  upper  surface,  chiefly 
at  the  upper  end ;  No.  2 — ^97.89  copper,  1.90  tin — ^had  a  large  cavity  in  the 
hottom  end  of  the  bar,  about  2  inches  long  and  varying  from  J  to  i  inch 
in  diameter ;  No.  21~23.35  copper,  76.29  tin — had  a  blow-hole  or  cavity 
extending  the  whole  length  of  the  bar,  except  5  inches  of  the  upper  end. 
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Its  (Uftineter  was  aftei-ward  foniid  to  vary  from  J  inch  to  Qearly  J  inch  in 
(lifForent  part«  of  the  har.  Tliis  was  a  i>eculiiir  cane,  ami  uotUiiig  i-eseni- 
bliiiR  it  waa  met  witli  in  bars  of  ilitteient  comitoHitioiis. 

TRAXSVERSE  TESTS. 

Tents  of  tlw  first  ncricfs  I>y  transvei'sc  streMS  were  iriaile  with  ilea<I 
weiylits  on  ail  aiyparHt  unbuilt  for  the  purpose,  a  sketcli  of  wliicb  iswhowii 
below. 


t 


?t 


Fig.  I. 

A  A,  are  two  vertical  pieces  of  timber  finnly  braced  to  base  pieces  B  B. 
Two  flat  steel  plates  are  fa8tene<l  on  the  top  of  the  vertical  timbers  ami 
their  npper  snrfaees  made  perfectly  level.  Two  steel  mandrels,  c  c,  H 
inches  in  diameter,  rest  on  these  ])lates  and  support  the  bar  to  be  tested, 
D.  The  weif^htB  are  placeil  on  the  tray  E,  which  hangs  &om  a  thiixi 
mandrel  resting  on  the  upper  edge  of  the  bar  at  it»  center.  The  tray, 
with  the  weights  and  mandrel,  may  all  be  raised  at  once  by  a  diffei'cu- 
tial  pulley.  In  lowering,  the  pulley  is  used  till  the  manilrel  nearly 
touches  the  bar,  when  the  tnrubuckle  F  is  employed  to  complete  the 
operation  gradually  and  without  shock. 

In  testing  the  bars  by  means  of  this  apparatus,  fine  lines  were  scored 
on  vat-b  bar  to  indicate  the  position  of  the  center  and  of  the  points  of 
8upi)ort.  The  latter  were  22  inches  apart  and  equidistant  from  tlie  cen- 
ter. The  mandrels,  c  c,  were  then  placed  on  the  flat  steel  plates,  and 
held  at  the  distance  of  22  inches  apart  between  centers,  by  calipers 
made  for  the  purpose,  and  the  bar  placed  on  the  mandrels,  with  the 
lines  marked  for  the  points  of  support  directly  above  the  centers  of  tli« 
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maudrels.  The  tray  and  its  attachments  weighing  35  pounds,  all 
weights  less  than  this  in  amount  were  hung  directly  on  the  center  of  the 
bar  by  means  of  a  hook  bearing  on  its  ui)per  surface.  When  the  tray 
was  used  it  was  lowered  verj^  gradually  by  means  of  the  differential  pul- 
ley and  the  tumbuckle,  and  additional  weights  placed  on  the  bottom  of 
the  tray,  care  being  taken  to  keep  the  center  of  gravity  of  tray  and 
weights  always  as  nearly  as  possible  directly  under  the  center  of  the 
bar. 

The  deflections  and  sets  produced  by  the  applied  loads  were  measured 
by  means  of  a  Salleron's  eathetometer,  which  gave 
readings  to  JqUi  of  a  millimeter,  or  rgVo^^^  ^  *^ 
inch.    This  mstniment  is  shown  in  tne  accompa- 
nying cut. 

The  observations  were  made  by  noting  through 
the  telescope  a  fine  dot  made  on  a  piece  of  white 
pa])er  glued  to  the  center  of  the  bar.  The  cross- 
hairs of  the  telescope  were  caused  te  bisect  this 
dot,  and  the  en*or  of  observation  was  not  larger 
than  one  division  of  the  vernier. 

The  tables  of  results  seem  te  indicate  that  the 
sum  of  all  errors  of  observation  and  of  tlie  instru- 
ment might  sometimes  reach  as  high  as  ^^th  of  a 
millimeter  when  reading  sets,  but  was  always  less 
than  this  when  reading  deflections. 

While  raising  and  lowering  the  weights  to  take 
readings  of  sets,  the  bar  was  prevented  from  roll- 
ing on  the  mandrels  by  two  small  pins,  which 
were  held  by  brackets  on  the  upright  timbers  of 
the  apparatus,  and  just  brought  in  contact  with 
each  end  of  the  bar.  The  slightest  change  of 
position  could  at  once  be  detected  by  the  observer 
at  the  telescope  of  the  cathetemeter. 

Complete  tables  of  the  results  of  these  tests  are 
appended.  A  condensed  summary  of  results  is 
given  below.  In  these  appended  tables  are  given 
the  resulte  of  every  test  that  was  made.  In  tables 
giving  summaries  and  averages  of  results,  and  in 
curves  and  in  deductions  maide  from  them,  all  tests  which  are  consid- 
ered unsatisfactory  by  reason  of  imperfections  in  the  piece  tested  or 
other  causes  are  rejected,  and  only  those  tests  which  were  made  with 
sound  test  specimens  are  retained. 


Fig.  2. 
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NOTES  ON  THE  TESTS  BY  TBANSYEBSE  STBESS. 

Bar  No.  1,  all  copper,  proving  to  be  a  bad  sample  of  cast  copper^ 
another  bar  was  made,  No.  30,  which  gave  much  better  results.  The 
great  differences  in  the  behaAior  of  these  two  bars  will  be  referred  to  at 
some  length  further  on. 

In  the  appended  tables,  in  the  column  headed  "  Load,"  the  figures 
represent  the  weights  applied  to  the  bar. 

The  formula  for  deflection  of  long  bars  tested  by  transverse  stress^ 
within  the  elastic  limit,  is  given  by  writers  on  resistance  of  materials  an 

where  A  is  the  deflection,  P  the  applied  load,  W  the  weight  of  the  bar 
between  supports,  E  the  coefficient  (or,  as  generally  termed,  the  modu- 
lus) of  elasticity,*  /,  fe,  and  d  the  length  between  supx)orts,  breadth  and 
depth  of  the  bar.  as  the  weight  of  the  bar  between  supports  in  these 
tests  was  firom  6  to  7  pounds,  4  x)Ounds  may  be  substituted  for  f  W,  and 
the  formula  becomes — 

P 
^  =  rEVd^  (^  "^  ^  pounds), 
whence — 

^  =  4  aM^  (^  +  ^  pounds), 

from  which  latter  formula  the  moduli  of  elasticity  given  in  the  tables  of 
tests  of  each  bar  were  calculated. 

It  will  be  observed  in  these  last  tables  that  in  many  of  them,  especially 
in  tests  of  the  stronger  metals,  the  modulus  of  elasticity  increases  slightly 

•  The  modiihis  of  elasticity  is  a  value  which  expresses  the  relation  hetween  the  ex- 
tensiouy  compression,  or  other  deformation  of  a  bar,  and  the  force  which  produces  the 
deformation.  In  tensile  stress  it  is  the  load  per  unit  of  sectional  area  divided  by  the 
extensiouper  unit  of  leneth.  In  transverse  tests  it  is*  obtained  from  the  formula  given 
above.  The  value  of  £  found  by  tests  by  timsile  stress  is  said  to  be  the  same  as  that 
obtoined  by  transverse  t^ests  of  long  bars.  The  formula  given  above  for  deflection  of 
bars  tested'by  transverse  stress,  viz : 

is  not  quit*  accurate,  as  it  neglects  the  deflection  due  to  shearing  stress,  which  vari<  s 
directly  as  the  load.  The  true  formula  (the  weight  of  the  bar  itself  not  being  consid- 
ered) is — 

PP_  VI 

^-4E6(P"^4E.6d' 

in  which  E.  is  the  coefficient  of  elastic  resistance  to  shearing. 

In  the  tests  herein  described,  /,  in  general,  is  22  inches;  o  and  d  are  each  nearly  one 
inch.    The  foimula  then  reduces  approximately  to 

10648  P      22  P 
^"     4E    "^  4E/ 

The  Vitlue  of  Eg  is  sho^vn  (see  Wood's  "Resistance  of  Materials")  never  to  be  gi'eater 
than  I  E,  which  would  make  the  last  term  of  the  above  ec][uation 

2  X  22  44 

5X4E  ~20E» 

which  is  only  r^rb  of  the  first  term  of  the  second  member  of  the  equati<m.  The  resist- 
ance to  shearing  may  therefore  be  neglected  in  calculating  the  modulus  of  elasticity 
from  tniusvei-se  testw  of  bars  22  inches  long,  a.s  the  en*or  thereby  iutro<luced  is  loss  than 
one-tenth  of  1  per  cent.    The  error  is  much  larger,  however,  with  shorter  b<ars. 
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at  tlie  beginning  of  the  test,  then  remains  nearly  constant  for  a  certain 
distance,  or  slowly  appn)ache8  a  maximum ;  and  then,  at  first  slowly 
and  afterward  very  rapidly,  decreases  to  the  breaking  point  This  cor 
responds  with  w^hat  is  shown  in  the  plotted  curve  of  deflections,  ^iz,  the 
beginning  of  the  curve  sometimes  shows  a  slight  curvature  convex  to  the 
axis  of  abscissas,  then  a  straight  line  slightly  incline<l  from  the  vertical. 
The  inclination  from  the  vertical  then  increases,  at  first  slowly  and  after- 
ward more  rajiidly,  till  the  curve  takes  a  more  nearly  horizontal  diree 
tion. 

In  the  table  given  above,  the  figures  in  the  column  headeil  "  Modulus 
of  elasticity''  are  those  which  are  considered  the  mont  probable  moduli 
within  the  elastic  limit,  or  which  most  nearly  represent  the  relation 
between  the  stresses  and  the  distortions  within  that  limit.  In  most 
cases  the  maximum  modulus  given  in  the  tables  of  tests  of  each  bar  u 
nelected,  unless  the  deflection  corresponding  to  the  maximum  is  so  small 
a  quantity  as  to  render  the  probable  error  of  the  observation  a  large 
portion  of  the  apparent  deflection. 

In  a  few  instances  the  apparent  modulus  at  the  beginning  of  the  test 
is  much  smaller  than  it  soon  afterward  becomes ;  and  this  indicates  a 
possible  error  of  the  observations  at  this  part  of  the  test.  The  moduli 
of  these  bars,  given  in  the  above  table,  are  therefore  determined  by 
rejecting  the  deflec*tions  at  the  beginning  of  the  test,  and  taking  the 
ratio  of  distortion  to  stress  at  a  point  where  this  ratio  becomes  sensibly 
constant. 

In  the  column  headed  "  Modulus  of  elasticity,''  the  figures  of  deflec- 
tions and  loads  corresponding  to  the  assumed  most  probable  moduh  are 
given.  The  tests  in  which  the  first  portion  was  rejected  in  obtaining 
the  modulus  are  indicated  in  the  figures  of  load  by  giving  the  limits 
between  which  the  modulus  is  taken. 

The  modulus  of  rupture*  is  found  from  the  formula 


'Zb(t* 


(p  +  Jw) 


where  P  is  the  applied  load  causing  fracture,  W  the  weight  of  the  bar 
between  the  supports,  and  7,  6,  and  d  length,  breadth,  and  depth  as 

before. 
Substituting  an  approximate  value  for  the  weight  of  the  bar,  we  have 


2bW 
where  P  is  the  applied  load. 


E=?  J^^'p  +  a^ 


*  The  modulus  of  rupture  is  defined  by  some  writers  as  **  the  strain  at  the  instant  of 
rapture  upon  a  unit  of  the  section  which  is  most  remote  from  the  neutral  axis  on  thfi 
Me  which  first  ruptures"  (Wood's  Resistance  of  Materials,  ii  edit.,  1875,  p.  79).  It 
ifl  used  here  as  a  means  of  comparing  the  transverse  strength  of  bars  of  different 
breadths  aud  depths,  the  strength  of  bars  tested  by  traus verse  stress  varying  directly 
M  the  load,  directlv  as  the  length,  aud  inversely  a«  the  breadth  and  the  square  of  the 
depth,  or  in  cases  o/  bars  support^ed  at  both  ends  and  loaile<l  in  the  middle,  as  esprened 

by  the  formula 

^  _  3  P7 

If  the  dimensions  are  all  reduced  t-o  unity,  the  formula  becomes 

R  =  |P. 

In  other  words,  the  modulus  of  rupture  is  a  value  which  is  proportional  to  the  tran»- 
rerse  strength  of  a  bar,  aud  is  theoretically  equivalent  to  one  and  a  half  times  tlie 
load  which  would  break  a  bar  one  unit  in  length,  in  breadth,  and  in  depth,  supported 
at  both  ends  and  loaded  in  the  middle. 
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The  more  ductile  bars,  as  seen  in  the  tables  of  tests,  bent  without 
breaking.  The  con-eet  modulus  of  rupture  in  these  cases,  therefore, 
<ould  not  be  determined,  and  it  was  necessary  to  assume  a  given  amount 
of  bending  as  equivalent  to  breaking  the  bar  or  rendering  it  useless. 
This  was  taken  at  a  deflection  (while  the  load  rested  on  the  bar)  of  3i 
inches,  and  the  modidus  of  rupture  is  calculated  from  the  load  causing 
this  maximum  deflection,  as  affording  a  means  of  comparing  the  trans- 
verse strengths  of  all  the  ductile  bars  which  were  tested. 

The  limit  of  elasticity  is  taken  to  be  the  jjoint  at  which  the  deflections 
begin  (usually  suddenly)  to  increase  in  a  greater  ratio  than  the  applied 
loads,  and  in  the  plotted  curv^es  of  deflections  it  is  the  point  at  whi(»h  the 
curve  begins  to  diverge  from  its  original  and  nearly  vertical  direction 
and  becomes  nearly  horizontal. 

This  point  is  not  always  clearly  defined,  and  it  is  difticult  to  fix  its 
exact  position. 

The  limit  of  elasticity  coincides  in  some,  though  not  in  all,  cases  with 
the  first  obsei'ved  set  or  point  at  which  the  bar  imder  te^t  exhibits  a 
deflection  after  the  load  is  removed. 

The  point  of  "  first  appreciable  set "  given  in  the  tables  is  taken  as  a 
set  of  0,01  inch,  which  is  an  amount  much  beyond  the  limits  of  error 
of  observation. 

For  the  purjwse  of  comparing  the  resistances  of  the  different  bars  to 
stress  at  the  elastic  limit  and  at  the  first  appre<*iable  set,  with  their  re- 
sistances at  the  points  of  final  rupture,  values  of 

are  taken,  in  which  Pi  is  the  load  (-orresponding  to  the  limit  of  elasticity 
or  to  appreciable  set. 

BEHAVIOR  OF  THE  BARS   UNDER   STRESS. 

A  glance  at  the  table  of  results  given  above  shows  that  from  bar  ^o. 
1  (all  copper)  to  bar  No.  7 — 80.95  copper,  18.84  tin — inclusive,  there  was 
a  gradual  increase  of  strength,  except  in  the  cases  of  bars  No.  2  (97.89 
copper,  1.90  tin)  and  No.  6  ^87.15  copx>er,  12.73  tin),  which  were  defective. 
Bars  No.  2  to  No.  5  (1.90  tm  to  9.58  tin)  showed  great  ductility  as  well 
as  strength,  as  deflections  exceeding  4J  inches  were  given  them  without 
breaking.  Bar  No.  1  (all  copper)  broke  after  a  deflection  of  2.306  inches, 
while  bar  No.  30,  also  copper,  bent  (as  shown  in  the  appendix)  to  about 
8  inches  before  breaking,  showing  a  marked  difference  in  ductility  as 
well  as  in  strength.  This  was  due  probably  to  oxidation  of  the  copper  in 
bar  No.  1  by  repeated  melting  and  casting. 

Bar  No.  7  (80,95  copper,  18.84  tin),  the  strongest  of  the  series,  showed 
comparatively  little  ductility,  breaking  after  a  deflection  of  little  over 
half  an  inch.  From  No.  8  to  No.  13  (23.24  to  43.17  tin)  inclusive,  there 
is  a  regular  and  very  rapid  decrease  both  in  strength  and  ductility,  the 
latter  being  the  weakest  bar  of  the  series,  showing  only  about  ^th  of 
the  strengtti  of  No.  7  and  a  deflection  of  only  0.0103  inch.  As  before 
stated,  this  bar  gave  great  trouble  in  casting  by  breaking  in  the  mold. 
Bar  No.  9  (69.84  copper,  29.89  tin)  which,  in  api>earance,  also  differed 
remarkably  from  No.  8  (76.64  c-opper,  23.24  tin),  had  less  than  |  of  its 
strength  and  less  than  ^  of  the  strength  of  No.  7^  which  latter  differed 
only  10  per  cent,  from  it  in  composition  by  original  mixture  or  11  per 
cent,  by  analysis.  Bars  No.  14  to  No.  20  (48.()9  to  73.80  tin)  inclusive,  show 
a  somewhat  irregular  variation  in  sti'ength  and  ductility,  but  all  of  them 
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are  worthless  as  regards  either  of  these  qualities,  the  best  having  only 
about  |th  of  the  strength  of  the  maximum,  and  a  deflection  of  only  0.12;i 
inch  before  breaking.  Bar  No.  21  (23.35  copi)er,  7GJil)  tin)  shows  con- 
siderably great-er  strength  and  ductility  than  any  of  the  series  between 
No.  8  and  No.  20,  and  greater  strength  than  any  from  No.  8  to  No.  29 
(all  tin),  thus  giving  what  may  be  called  a  second  maximum  x>oint  of 
strength  in  the  series.  This  bar  had  a  cavity  extending  throughout 
nearly  its  whole  length. 

No.'  21  to  No.  24  ^70.29  to  88.47  tin)  have  much  higher  strength  than 
those  above  and  below  them  in  series,  showing  that  the  sexM>ud  maximum 
point  of  strength  is  approached  by  bare  haxing  a  difference  of  over  10 
per  cent,  in  composition.  From  No.  25  to  No.  29  (91.39  to  100  tki)  there 
is  a  somewhat  in^egidar  decrease  of  strength  but  a  very  gx'eat  increase 
of  ductility,  bar  No.  29  ^all  tin)  showing  the  maximum  ductility  of  the 
series  and  a  second  miinmum  of  strength.  Bars  No.  20  to  No.  29  inclu- 
sive bent  without  breaking,  as  did  those  from  No.  2  to  No.  6  (1.90  to  12.7:J 
till),  at  the  other  end  of  the  series. 

With  reference  to  the  relation  of  the  elastic  limit  to  the  ultimate  trans- 
verse resistance,  it  will  be  seen  that  from  bar  No.  1  to  No.  7  inclusive  the. 
elastic  linut  occurre<l  at  from  35  to  (>5  per  cent,  of  the  lUtimate  resist- 
ance. At  No.  8  the  limit  of  elasticity  approached  nearly  if  not  quite  the 
ultimate  resistance;  and  from  No.  9  to  No.  18  (29.89  to  01.32  tin)  inclu- 
sive the  two  coincided,  /.  e.,  the  elastic  limit  was  not  reached  till  the  bar 
broke.  From  No.  19  (;i4.22  copi>er,  05.80  tin)  to  the  end  of  the  series  (all 
tin)  the  elastic  limit  was  again  reached  before  fracture,  the  ratio  de- 
creasing to  No.  22  (20.25  co]3[>er,  79.03  tin),  and  then  remaining  appreci- 
ably constant  at  from  20  to  30  per  cent,  to  the  end  of  the  series. 

By  this  table,  therefore,  the  relation  which  the  composition  bears  to 
the  mechanical  proi)erties  of  strength,  ductility,  and  elastic  resistance  is 
defined  with  tolerable  exactness. 

It  is  seen  that  bars  from  No.  1  to  No.  8,  inclusive,  have  constderahle 
strength,  and  that  all  the  rest  are  practically  worthless  for  all  purposen 
where  strength  is  required.  The  dividing  line  between  the  strong  ami 
the  brittle  alloys  is  precisely  that  at  which  the  color  changes  from  golden 
yellow  to  silver  white,  viz.,  at  a  comi>osition  contaiiiing  between  24  and 
30  per  cent,  of  tin;  alloys  containing  more  than  24  i>er  cent,  tin  are  com- 
paratively valueless. 

Referring  to  Tallies ,  which  are  api)ended,  a  shoit  account  of  the 

beha\ior  of  each  bar  will  now  be  given. 

Bar  No.  1  (cjist  copper). — Weights  were  applied,  one  pouml  at  a  time^ 
until  7  pounds  were  rea<'hed  (11  pounds,  inclutling  the  effective  weight 
of  the  bar),  when  the  flii^t  deflection  wiis  observed,  0.004  inch.  The 
load  wiis  then  increased  5  or  10  poimds  at  a  time  until  100  pounds  were 
reached;  after  each  increase  and  the  reading  of  the  corresponding  deflec- 
tion, the  load  was  all  removed  and  a  reading  of  the  set  taken.  After 
100  pounds  each  increase  was  made  25  pounds,  removing  the  load  and 
reading  the  set  ea<;li  time  after  reacting  the  deflection.  A  set  of  0.0016 
inch  was  observed  when  the  load  of  12  pounds  was  removeil,  but  as 
readings  of  sets  up  to  225  poiuids  were  irregular  and  never  exceeded 
0.007  inch,  these  rea<lings  may  be  erroneous,  the  eiTor  being  ilue  to  a 
combination  of  several  causes,  \iz.,  personal  ern)rs  of  observation  of  the 
bise<5tion  of  the  cross-hairs  in  the  telescoi)e  of  the  dot  observed  by  it, 
and  of  the  rea<ling  of  the  vernier;  slight  lateral  shifting  of  the  bar  on 
the  rollers,  and  a  slight  (*omx)ression  of  the  skin  of  the  bar  at  the  points 
which  touched  the  rollers.  The  first  three  errors  named  would  not 
amount  to  more  than  0.(M)1  inch  each,  and  might  either  increase  or  de- 
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crease  the  reading.  The  last  would  act  only  to  increase  the  reading, 
and  would  vary  in  amount  with  the  condition  of  the  surface  resting  on 
the  rollers,  the  rougher  the  surface  the  givater  tlie  anioxmt  of  couii)res8- 
ion  by  the  rollers.  This  eiTor  could  be  eliminated  only  by  polishing  the 
bars  at  the  points  which  i-ested  on  the  rollers  and  taking  all  precautions 
to  insure  a  perfectly  fair  bearing.  It  wcntld  increase?  the  a])parent  deflec- 
tions by  about  tlie  same  quantity  by  wliich  the  sets  were  increased,  and 
this  may  account  lor  the  fact  that  the  ap])arent  deflections  at  the  begin- 
ning of  a  test  often  bear  a  greater  ratio  to  the  applied  load  than  at  a 
subsequent  stage  of  the  test,  thus  showing  an  apparently  lower  modulus 
of  elasticity  at  the  beginning  of  tlie  test  than  just  before  reaching  the 
elastic  limit. 

The  sum  of  these  errors  possibly  amounting  to  0.007  inch,  the  point 
which  has  been  taken  as  a  standard  of  comparison  of  ^'  first  appi'eciable 
set"  of  the  different  bars  is  a  set  of  0.01  mch.  In  bar  Xo.  1  this  amount 
of  set  took  pla<'e  after  tJie  application  and  removal  of  the  loiul  of  250 
pounds.  The  elastic  limit  is  taken  at  225  pounds,  this  being  the  point 
where  the  deflections  evidently  begin  to  inci^ease  in  a  greater  ratio  than 
the  api)lied  loads.  At  450  pounds  the  deflection  of  the  bar  was  observed 
to  increase  slightly  as  the  load  was  left  on  for  five  minutes,  and  the  same 
phenomenon  was  again  observed  at  (»00  j)oun(ls.  An  increase  of  deflec- 
tion was  observed  on  the  second  api)lication  of  every  load  after  400 
pounds.  Except  where  otherwise  stated,  in  this  and  in  all  other  test^, 
the  load  was  left  on  the  bar  only  long  enough  for  a  reading  to  be  taken, 
and  the  repi^tition  of  the  observation  to  insure  correctness,  the  time  re- 
quiretl  being  from  one  to  two  minutes. 

After  050  fionnds  had  been  placed  on  the  bar,  and  then  removed  and 
the  reading  of  the  set  t^ken,  a  small  crack  was  discovered  on  the  under 
side  of  the  bar,  near  the  middle,  and,  on  gradually  reidacing  the  weight  of 
549  pounds,  the  bar  broke.  Tlie  fracture  showed  the  bar  to  be  a  poor 
one,  being. spongy  and  full  of  blow-holes,  the  largest  of  which  was  J  inch 
in  diameter.* 

An  analysis  was  made  of  the  turnings  of  this  bar  and  also  of  bar  No. 
30  for  the  purpose  of  learning  whether  the  chemical  com])osition  would 
throw  any  light  upon  the  causes  of  the  pre><ence  of  the  blow-holes  and 
the  lack  of  ductility  of  this  bar  as  compared  with  that  of  otlier  bars  sub- 
sequently tested. 

The  result  was  the  discovery  of  an  extraordinary  amount  of  suboxide 
of  copper  in  bar  No.  1.  This  was  no  doubt  formed  in  the  rei)eated  melt- 
ings which  the  bar  had  undergone. 

The  following  are  the  analyses : 

1  No.  1.     I  X.\30. 

l*er  e»'nt.  J'er  rmt. 

Mfttallio  iTwn  |  0.020  0.014 

Metallic  Kinc '  0.014  0. 0.')7 

Meullic  silver 0.o:«  ;  0.014 

MetaUic  arneDio    none  uone 

Metallic  antimony none  none 

MetaHic  tin I  mme  I        

Metallic  binmnth .  none  i  none 

Metallic  leaii I  trac^  ;  t r.ice 

Mrtrtl lie  copper 87.  900  I  9«J.  330 

SiiiKixirle  of  copper li  086  3.  580 

Carbon none  '        


I     100.055  ,        &9.995 


A  graphic  re])resentati(m  of  the  test  of  this  and  otlier  bars  is  given 
on  Plate  No.  XVI.  The  (uirves  graphically  representing  these  tests  ex- 
hibit the  relative  behavior  of  ea<'ii  bar  much  bett<*r  than  the  tables. 

Bar  No.  2  (97.89  cop])er,  1.90  tin). — This  bar  was  tested  in  the  same 
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manner  as  No.  1  but  with  less  frequent  readings  of  seta,  only  two  being- 
made  before  200  pounds  was  plactil  on  the  bar ;  these  readings  showed 
no  set.  At  200  pounds  a  set  of  nearly  0.01  inch  was  observed.  The 
deflections  begin  to  increase  more  rapidly  than  the  loads  after  reaching 
175  pounds,  which  load  is  taken  as  at  the  elastic  limit.  At  275  pounds 
the  bar  was  notic^ed  to*sink  slowly  after  the  load  wajs  applied,  but  the  load 
was  increased  witliout  stopping.  At  375  pounds  tlie  bar  appeared  to 
sink  quite  rapidly.  At  475,  500,  and  550  pounds  the  load  was  left  on 
the  bar  3,  10  and  3  minutes  respectively,  i)roducing  a  large  increase 
of  deflection  each  time.  At  575  pounds  tlie  bar  bent  rapidly  and  slid 
through  between  the  sui)poi'ts.  As  a  deflection  of  3^  inches  was  caused 
by  the  load  of  550  pounds,  this  is  considered  as  the  bi'eakiug  weight, 
from  which  the  motlulus  of  rupture  is  calculated. 

Tlie  bar  was  finally  broken  by  bending  alternately  in  contrarj'^  direc- 
tions, and  the  principal  cause  of  its  weakness  in  comparis(m  with  the 
copper  bar  was  found  to  be  its  spongy  structure. 

A  vast  number  of  Aery  minute  blow-holes,  almost  microscopic  in  size^ 
were  fcmnd.  Further  tests  on  pieces  of  this  bar  showed  this  structure 
throughout  all  the  ui)per  i)oitioii  of  the  bar,  but  the  lower  j)ortion  was 
much  more  comi>act.  As  this  structure  may  probably  l>e  due  to  acci- 
dental causes,  and  not  inseparable  from  its  composition,  the  strength 
shown  by  this  particular  bar  is  thought  to  be  beneath  that  which  may 
be  expected  from  other  bars  of  the  siime  composition,  and  hence  the  bar 
is  not  given  in  the  curve  showing  the  relation  of  transverse  strength  to 
composition,  Plate  I.  The  modulus  of  elasticity  is  less  than  that  of  any 
other  bar  from  No.  1  to  No.  6. 

Bar  No.  3  (00.06  copper,  3.70  tin). — This  bar  proved  to  be  much  stronger 
than  either  of  the  preceding.  A  set  of  0.01  inch  took  ])lace  at  40(^ 
pounds,  and  the  limit  of  elasticity  is  considei*ed  to  have  been  reached  at  350 
pounds.  At  000  i)ounds  the  bar  was  observed  to  sink  while  under  stress, 
and  it  was  left  for  50  minutes,  the  defle(*tion  increasing  during  that  time 
from  0.181  to  0.252  inch;  the  rate  of  increase  of  deflection  gradually 
diminishing,  the  first  10  minutes  showing  an  increase  of  0.048  inch,  the 
next  20  minutes  0.015  inch,  and  the  next  20  minutes  0.008  inch.  The 
same  phenomenon  was  noticed  several  times  during  the  test,  the  bar 
once  being  left  under  stiess  of  850  jmuuds  for  15  hours  45  minutes,  the 
last  15  hours  of  the  time  showing  a  nuich  less  increase  of  deflection  thau 
the  first  five  minutes. 

From  the  test  of  this  bar,  and  others  in  like  manner,  it  appears  that 
the  increase  of  deflec^tion  finally  ceases,  provided  the  load  is  not  gi'eater 
than  a  certain  limit  for  each  bar.  When  the  load  is  too  great  a  still 
more  curious  ]>henomenon  is  observed,  as  in  the  case  of  the  bar  in  ques- 
tion when  a  load  of  1,000  ])ounds  was  placed  on  it,  viz,  the  decrease  of 
the  rate  of  increase  of  deflection,  and  again  after  a  certain  time  the  in- 
crease of  this  rate  till  the  bar  finally  breaks  down.  In  this  case  the  in- 
crease of  deflection  with  the  first  five  minutes  was  0.422  inch,  in  the  next 
five  minutes  0.120  inch,  showing  a  decreasing  rate;  in  the  next  30  nnn- 
utes  0.442  inch,  showing  a  slight  increase  of  the  rate,  and  in  the  next  30 
minutes  3.532  inches,  showing  a  very  rapid  increase.  At  this  point  the 
bar  had  a  deflection  of  7.034  inches  and  the  tray  reached  the  ba«e  of  its 
8ui)ports,  thus  ending  the  test.  On  breaking  this  bar,  the  fracture 
showed  a  homogeneous  metal  free  from  blow- holes. 

Bar  No  4  (92.11  coi>per,  7.80  tin). — A  set  of  0.01  inch  was  reached  at 
600  pounds,  and  the  elastic  limit  at  575  pounds.  The  ett'ect  of  allowing 
the  load  to  remain  on  the  bar  was  observed  several  times  after  950 
pounds  had  been  reached,  with  similar  resxdts  to  those  indicated  whea 
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describing  the  behavior  of  bar  Xo.  3.  At  1,3.")0  pounds  the  deflection 
increased  in  30  minutes  from  3.22G  inches  to  (j.706  inches,  when  the  bar 
slid  through  between  the  supports.  On  breaking  the  bar,  after  bend- 
ing in  contrary  dii'ections,  the  fracture  showed  a  comi)act-looking  metal, 
of  an  earthy  ai>pearance,  with  scarcely  any  luster,  and  with  only  a  few 
very  small  blow-holes.  The  color  wtis  not  entirely  homogeneous,  some 
part«  being  more  grayish  than  others,  the  general  color  being  reddish 
yellow. 

Bar  Xo.  5  (90.27  copper,  9.58  tin). — A  set  of  0.01  inch  was  reached  at 
6(H)  x)ounds,  and  the  elastic  limit  at  the  same  point.  Time-tests  were 
ma^le  after  950  poun<ls  were  ai)plied,  but  in  no  case  was  a  load  left  longer 
than  15  mimit(»s.  Tlie  behavior  of  this  bar  was  veiy  similar  to  that  of 
bar  No.  4,  the  deflectious  corresponding  to  the  various  loads  being  nearly 
the  same  for  each  bar.  Its  ultimate  strength,  however,  was  greater, 
1,485  pounds  being  recjuired  to  give  it  a  deflection  of  3J  inches,  the 
.same  incn»asing  tlie  deflection  in  13  minutes,  to  7.534  inches,  causing 
the  tray  to  reach  the  base  of  its  sui)ports.  In  breaking  the  bar,  it  was 
first  bent  by  ]nvssure  until  the  two  ends  touched,  and  then  bent  in  a 
reverse  diivction,  but  broke  before  being  straightened.  The  fracture 
sliowed  a  dense,  compact  metal,  but  not  entirely  homogeneous  in  color 
or  structure.  Tliere  w(»re  a  few  small  blow-lioles,  and  the  lower  j)art  of 
the  fracture  was  of  a  <lull,  earthy  appearance,  with  portions  of  a  fibrous 
ai)pearance.  The  color  was  dull  reddish -yellow,  except  a  distinctly 
large  spot  in  the  center  of  a  very  dark  red  (darker  than  copi)er)  and  k 
few  small  yeUow  si)ots.  This  metal,  altlumgh  stronger  than  any  of  the 
bars  previously  tested,  is  probably  not  so  strong  as  it  might  have  been 
lia<l  it  been  Innnogenecms. 

Bar  No.  0  (87.15  copper,  12.73  tin). — A  set  of  0.01  inch  was  reached  at 
400  pounds  and  elastic  liiiiit  at  3(KK  A  few  *' time-tests  "  were  made, 
showing  incn^ase  of  deflt^cticm  under  constant  load  after  700  i)ounds. 
The  bar  ])rov(»d  to  be  nuu*h  weaker  than  the  two  which  preceded  it,  and 
broke  at  1,050  pounds.  The  cause  of  the  weakness  was  at  once  shown 
by  the  a]>pcarance  olHhe  fracture.  Two  distinct  colors  were  seen,  golden- 
yellow  and  silver-gi'ay,  finely  mottled  together  over  the  whole  surface  of 
the  fracture,  indicating  that  liquation  or  an  imperfect  mixture  of  the 
two  metals  had  taken  place,  and  that  the  two  colors  were  probably  those 
of  two  distinct  alloys,  intinmtely  mixed.  The  modulus  of  elasticity,  as 
^vell  as  the  limit  of  elasticity,  and  the  ultimate  strength  of  this  bar  are 
very  low,  and  as  the  bar  is  consi<lered  a  defective  one,  like  bar  No.  2 
(1)7.89  copper,  1.90  tin),  the  results  are  omitted  in  constructing  curves. 
It  will  be  obsen'cd  that  the  modulus  of  elasticity  is  less  than  that  of  any 
bar  from  No.  1  to  No.  11  (all  coi)per,  to  05.34  copper,  34.47  tin). 

Bar  No.  7  (80.95  copper,  18.84  tin). — This  bar  proved  to  be  the  strongest 
of  the  series.  A  set  amounting  to  0.01  inch  was  not  detected  until  900 
pounds  had  been  ])laced  on  the  bar,  and  this  was  increased  only  to  0.016 
inch  at  1,200  ])()unds.  The  limit  of  elasticity  a])pears  to  be  passed  at 
1,150  pounds.  The  load  of  1,750  i)Ounds  was  allowed  to  remain  on  the 
bar  for  15  hours,  during  which  time  the  deflecticm  increased  0.027  inch. 
At  the  end  of  the  15  hours  the  load  was  removed  and  a  reading  of  the 
set  taken.  The  load  was  then  replaced  gradually,  the  last  portion  of 
the  1,750  pounds  being  replaced,  a  jmund  at  a  time.  The  last  pcmnd 
bad  been  replaced,  and  the  reading  of  tlie  detiection  was  about  to  be 
made,  when  the  bar  sudd(»nly  broke  at  a  point  2  inches  from  the  middle. 
The  fracture  showed  a  (flose,  compact  stnicture,  and  a  reddish  or  jMiikish 
grfiy  color,  entirely  diflercTit  from  that  of  any  of  the  bars  previously 
t€»ted.     Although  this  bar  is  the  strongest  of  the  series,  it  has  much 
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less  power  to  resist  sudden  shocks,  in  consequence  of  its  laek  of  ductility, 
the  maximum  deliection  being  only  0.537  inch. 

Bar  Xo.  8  (7(i.H4  copper,  23.24  tin). — The  l)ehavior  of  this  bar  was 
similar  to  that  of  Xo.  7,  but  it  wii8  much  weaker  and  ha<l  much  less 
ductility,  breaking  with  the  load  of  975  pounds,  and  showing  a  maxi- 
mum deflection  of  but  0.191  inch.  No  set  amounting  to  0.01  inch  was 
found,  the  greatest  l)eing  0.0055  inch  at  IKK)  ]K)unds.  The  elastic  limit 
was  apparently  not  reached  till  fracture  took  phu'c,  the  ratio  of  deflec- 
tion to  the  loads  remaining  constant  throughout  tlie  whole  test.  The 
fracture  showed  a  metal  somewhat  similar  to  No.  7,  but  lighter  in  color. 

Bar  No.  9  (G9.H4  copper,  29.89  tin).— This  bar  showed  givat  lack  of 
both  strength  and  ductility,  breaking  at  300  pounds  after  a  deflection  of 
0.002  iiujh.  As  with  bar  S'^o.  8,  no  set  amounting  to  0.01  inch  could  be 
detected,  and  the  elastic  limit  was  not  reached  till  fracture  took  place*. 
The  fracture  show^ed  a  metal  of  an  entirely  difterent  character  from  anv 
of  those  ])reviously  tested,  almost  as  brittle  as  glass,  with  a  vitreous  ap- 
pearance and  brilliant  luster,  almost  silver- white  in  color,  with  no  indi- 
cation of  the  presence  of  coi)per  which  formed  70  per  cent,  of  its  weight 
The  shape  of  the  fracture  was  peculiar;  a  side  view  of  it  is  shown 
below. 
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Bar  No.  10  ((58.58  copper,  31.20  tin). — This  bar  was  almost  precisely 
similar  in  appearance  and  a<*tion  under  test  to  bar  No.  9,  but  showed 
a  still  less  (legree  of  strength  and  ductility,  breaking  at  275  x>ounds, 
after  a  deflection  of  0.043  inch.  As  in  the  case  of  bar  No.  9,  no  set  of 
0.01  inch  and  no  elastic  limit  were  reached  before  fracture. 

Bar  No.  11  (05.34  copiier,  34.47  tin).— This  bar  exhibited  still  less 
strength  and  ductility  than  either  of  the  pnnreding,  breaking  at  140 
pounds,  after  a  deflection  of  0.02  inch,  showing  no  .set  and  no  elastic 
limit  before  fracture.  The  structure  as  shown  by  the  fracture  was  quite 
difterent  from  those  of  bars  No.  8  and  No.  9,  being  rough  gi^iuilar 
instea<l  of  \itreous.  The  moilulus  of  elasticity  increases  trom  the  begin- 
ning to  the  end  of  the  test,  reaching  a  much  higher  figure  than  any  of 
the  preceding  bars. 

Bar  No.  12  ((52.31  coi)i>er,  37.35  tin)  was  still  more  brittle  and  weaker 
than  No.  11.  It  broke  at  80  i)ounds,  after  a  deflection  of  0.032  inch.  A 
set  of  0.103  inch  was  observed  at  70  pounds,  but  no  limit  of  ela*sticity 
was  detected.  The  fractiue  showed  a  metal  of  much  darker  cxilor  than 
No.  11,  and  of  an  api)earance  somewhat  like  stone.  This  metal  had  a 
greater  specific  gi*avity  than  any  other  in  the  series.  Its  modulus  of 
elasticity  is  less  than  one-half  of  that  of  bar  No.  11. 

liar  No.  13  (50.70  copper,  43.17  tin). — The  weakest  and  most  brittle  of 
the  series,  breaking  at  (>0  pounds,  after  a  deflection  of  only  0.0103  inch, 
with  no  apparent  set  and  no  elastic  limit  before  fracture.  The  a]>])ear- 
ance  of  the  fractured  nu»tal  was  somewhat  similar  to  tliat  of  No.  12,  but 
lighter  in  color. 

Bar  No.  14  (51.02  coi)per,  48.09  tin). — This  bar  was  shorter  than  the 
rest  of  the  bars  of  the  series,  its  length  between  sui)i>orts  being  17^ 
inches.  It  proved  to  b(»  somewhat  stronger  than  No.  13,  breaking  at  140 
pounds,  aft(»r  a  deflection  of  0.040  incli.  A  set  of  0.01  in(?h  was  ob- 
served at  (55  ])oun<ls,  but  it  had  increascMl  only  to  0.019  at  130  ]>(mnds, 
and  no  elastic  limit  was  reached  before  fractui-e.    This  bar  showed  a  dif- 
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fereiice  of  structure  and  color  at  the  two  ends,  due  to  liquation  or  sepa- 
ration of  the  metals  into  distinct  alloys;  the  chemical  analyses  of  samples 
taken  from  the  two  ends  showed  a  difference  of  composition  of  more  than 
10  per  cent.  The  modidus  of  elasticity  is  exceptionally  low.  This  may 
possibly  be  due  to  errors  of  observation  of  deflection. 

Bar  No.  15  (47.01  copper,  52.14  tin). — Broke  at  105  pounds  after  a  de- 
tieetion  of  0.019  inch.  No  set  was  detected,  and  no  limit  of  elasticity 
before  fracture. 

Bar  No.  16  (44.52  copper,  55.28  tin). 

Bar  No.  17  (42.38  copper,  57.30  tni). 

Bar  No.  18  (38.37  copper,  61.32  tin). 

These  three  bars  were  all  similar  in  beha^•io^  to  No.  15,  very  weak  and 
brittle,  giving  no  sets  amounting  to  0.01  inch,  and  no  elastic  limits  before 
fracture.  No.  17  gave  a  modulus  of  elasticity  much  higher  than  any 
other  bar  of  the  series. 

Bar  No.  19  (34.22  copper,  65.80  tin). — This  was  similar  to  the  four  pre- 
ceding bars,  t)ut  took  a  set  of  0.0118  inch  at  130  pounds.  The  position 
of  the  elastic  limit  is  very  doubtfid,  but  it  a])peai*s  to  have  been  passed 
at  100  pounds.  The  modulus  of  elasticity  is  less  than  half  of  that  of  No. 
17.  It  ai)i)ears  that  the  modulus  decreases  from  this  bar  to  the  end  of 
the  series,  but  with  considerable  iiTegularitv. 

Bar  No.  20  (25.85  copper,  73.80  tin).— Weak  and  brittle  like  No.  19, 
but  had  a  slightly  greater  ductility,  showing  a  detlection  of  0.121  inch 
before  breaking,  and  a  set  of  0.01  inch  at  120  pounds.  It  broke  at  240 
pounds,  and  the  elastic  limit  ai)pears  to  have  been  passed  at  about  140 
l>ound8.  The  color  and  ai>]>earance  of  the  fracture  were  similar  to  those 
of  the  live  preceding  bars.  The  modulus  of  elasticity  is  highest  at  the 
beginiung  of  the  test,  and  rapidly  decreases  from  the  beginning  to  the 
end.  This  is  common  to  all  t!ie  bars  from  No.  20  to  No.  29  inclusive, 
and  is  charaeteristic  of  all  the  ductile  metals  which  have  no  well-detined 
hmit  of  elasticity.  The  moduli  of  these  bars,  given  in  the  above  table 
of  results,  are  in  general  those  corresponding  to  deflections  of  0.01  inch. 

Bar  No.  21  (23.35  copper,  76.29  tin). — ^This  bar  was  remarkable  in  hav- 
ing a  hole  extending  from  the  bottom  throughout  nearly  its  w^hole  length. 
The  hole  varied  in  size  and  shape  in  different  parts  of  the  bar.  At  the 
]>oiut  of  fracture,  it  was  nearly  circular  in  section,  about  J  inch  in  diam- 
eter, and  nearly  in  the  center  of  the  section.  Not>vithstanding  the  pres- 
ence of  this  cavity,  the  bar  provexl  to  be  stronger  than  any  of  the  bars 
from  No.  9  to  No.  29.  It  broke  at  370  pounds,  after  a  deflection  of  0.269 
inch.  A  set  of  0.01  inch  was  reached  at  150  pounds,  and  the  elastio 
limit  was  reached  at  140  pounds.  The  fTa<jture  showetl  a  light-gray,  fine 
granular  appearance,  sliglitly  darker  than  No.  20. 

Bar  No.  22  (20.25  copp**r,  79.63  tin). — This  bar  was  somewhat  weaker 
than  No.  21,  but  more  ductile,  breaking  at  300  pounds,  after  a  deflection 
of  0.345  inch.  The  load  of  100  pounds  produced  a  set  of  0.118  inch,  and 
the  ehistic  limit  was  reached  at  the  same  loa<l.  The  fracture  sliowe<l  a 
coai'se  granular,  crystalliui*.  structure  and  a  very  light  gray  color. 

Bar  No.  23  (15.08  copper,  84.62  tin)  was  weaker  and  more  ductile 
tlian  No.  22.  It  broke  at  270  pounds,  after  a  deflection  of  0.858  inch. 
A  load  of  50  pounds  produced  a  set  of  0.0095  inch,  and  the  elastic  limit 
was  reached  at  60  pounds.  "Time-tests,"  lasting  one  and  two  minutes, 
were  made  at  various  loails  greater  than  170  ])ounds,  showing  increase  of 
cleflec^tion  with  ea<'h  test.  The  fra(;ture  was  light  grayish-white,  with 
large  crystalline  structure,  almost  precisely  similar  in  appearance  to  No. 
19,  which  varied  from  it  in  composition  more  than  20  per  cent. 

Bjr  No.  24  (11.49  copper,  88.47  tin). — This  bar  was  a  little  stronger, 
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and  very  much  more  ductile,  than  No.  2'^.  It  broke  at  300  pounds,  after 
a  detteetion  of  5.8-1:9  inches.  A  Hct  of  0.01  inch  was  i)robably  given  by 
a  load  of  8.")  pounds,  the  reading  for  75  pounds  being  0.000»'i  inch,  and 
for  100  pounds  0.205  inch.  Tlie  limit  of  elasticity  appears  to  have  been 
I)assed  at  75  pounds.  At  200  i>ounds  the  deflection  increased  in  one 
minute  from  0.341  to  0.430  inch ;  at  270  pounds  it  increased  in  two  min- 
utes from  0.075  to  1.502  inches,  and  at  200  pounds  it  increased  in  one 
minute  from  2.128  to  2.5G2  inches.  Wlien  300  pounds  wiis  placed  on  the 
bar,  it  sank  down  rapidly  and  broke  in  about  20  seconds,  the  deflection 
increasing  before  breaking  from  2.730  to  5.849  inches. 

Bar  No.  25  (8.57  coi^per,  91.39  tin). — This  bar  showed  a  leas  strength 
than  No.  24,  with  greater  ductility.  It  broke  at  100  pounds,  after  being 
left  under  that  stress  for  several  hours.  A  set  of  0.0118  inch  was  pro- 
duced by  a  load  of  60  pounds,  and  the  elastic  limit  was  api>arently 
reached  at  40  pounds,  \\lien  100  pounds  was  placed  on  the  bar,  the 
deflection  was  observexl  to  increase  with  the  time  it  was  allowed  to 
remain,  showing  an  increase  of  deflection  of  0.021  inch  in  10  minuter. 
"Time-tests''  made  with  the  loads  of  100,  120,  140,  and  160  pounds  ^^ith 
like  results,  140  pounds  being  left  on  the  bar  for  more  than  40  hoiu*s, 
increasing  the  deflection  from  0.221  to  1.277  inches.  One  hundred  and 
sixty  pounds  w^as  left  on  the  bar  for  more  than  50  hours,  increasing  the 
deflection  from  1.294  to  5.207  inches,  the  rate  of  increase  at  first  decreas- 
ing, then  remaining  constant  for  several  hours,  and  finally  increasing. 
The  bar  w^as  finally  left  overnight,  under  a  load  of  160  pounds,  with  a 
deflection  of  5.207  inches,  and  found  broken  the  next  morning,  the  bend 
left  in  the  bar  after  breaking  indicating  that  a  deflection  of  nearly  8 
inches  had  been  given  to  the  bar  before  fracture.  The  fracture  showed 
a  fine  granular  structure. 

The  records  of  bars  No.  24  and  No.  25  show^  that  the  ultimate  breaking 
weight  of  such  ductile  metals  depends  in  a  very  great  degree  ui)on  the 
time  during  which  they  are  left  under  stress.  The  duration  of  the  test 
of  bar  No.  24  was  about  one  hour,  that  of  bar  No.  25  wa«  more  than 
four  days.  As  the  breaking  load  of  No.  25  was  left  on  the  bar  for  more 
than  two  days  before  rui)ture  took  place,  it  is  inferred  that  a  much 
greater  load  would  have  been  required  to  break  the  bar  in  20  seconds, 
the  time  required  to  break  bar  No.  24.  In  the  case  of  bar  No.  25  it  would 
appear,  from  the  fact  that  large  increase  of  deflection  was  produced  by 
various  loads  remaining  on  the  bar  for  one  or  two  minutes,  that  a  mueli 
smaller  load  than  300  pounds  would  have  broken  the  bar  had  it  been 
allowed  to  act  for  a  sufficient  length  of  time.* 

Bar  No.  26  (3.72  copper,  96.31  tin). — This  bar  was  apparently  stronger 
than  No.  25,  very  probably  in  consequence  of  the  greater  rapidity  of  the 
test,  no  load  being  left  on  the  bar  for  a  greater  length  of  time  than  three 
minutes.  A  set  of  0.0166  inch  was  produced  by  t'he  load  of  60  pounds, 
and  the  elastic  limit  apx>eared  to  have  been  reached  at  40  pounds.  At 
100  pounds  the  deflection  was  greater  than  that  of  bar  No.  25  with  the 
same  load,  indicating  it  to  be  a  weaker  bar.  No  ^<  time-test"  was  made 
until  200  pounds  was  applied.  This  load  produced  a  large  inci'eaae  of 
deflection  in  three  minutes.  The  bar  finally  bent  under  a  load  of  210 
pounds,  with  a  total  deflection  of  nearly  8  inches,  and  was  so  ductile 
that  it  required  to  be  cut  partly  through  and  bent  repeatedly  in  order 
to  break  it. 

Bar  No.  27  (0.74  copper,  99.02  tin). — This  bar  was  much  weaker  than 

^These  moditications  in  method  of  testinff  were  made  to  secure  data  for  other  in- 
yeBtigations  by  the  writer.  See  apx)endix  for  ]>aj)er8  by  the  -writer,  in  which  these 
phenomena  are  discussed  at  length  and  for  strain-diagrams  iUustiat ing  them. — R.  H.  T. 
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Xo.  26,  with  equal  or  greater  ductility,  takin<?  a  set  of  0.02  inch  at  50 
I>ound8,  reaching  the  elastic  limit  at  40  pounds,  and  bending  to  a  total 
deflection  of  8  inches  at  120  pounds.  Several  "time-tests'"  were  made, 
caiising  the  bar  to  show  less  strength  than  it  otherwise  would  have  done. 

Bar  !No.  28  (0.32  copper,  99.40  tin). — This  bar  proved  somewhat 
stronger  than  No.  27,  as  the  final  bending  load  was  10  pounds  greater 
and  the  "  time-tests  "  were  of  much  longer  duration.  The  elastic  limit 
was  apparently  reached  at  40  pounds,  and  a  set  of  0.014  inch  took  x)lace 
at  70  pounds. 

Bar  No.  29  (all  tin). — The  beha\ior  of  this  bar  was  very  similar  to 
that  of  bars  Nos.  20,  27,  and  28,  but  the  metal  wa«  somewhat  weaker 
and  softer.  A  load  of  40  pounds  produced  a  set  of  0.0095  inch,  and  the 
elastic  limit  appeared  to  be  reached  at  about  30  pounds.  At  80  pounds 
a  crack  was  observed  on  one  of  the  edges  on  the  under  side  of  the  bar, 
which  gi'adually  opened  but  did  not  increase  in  length.  At  110  pounds 
the  bar  sank  gi'adually,  the  deflection  increasing  more  than  6  inches  in 
ten  minutes.  The  bar  was  finally  broken  by  repeated  bending,  and 
showed  that  the  crack  above  mentioned  was  produced  by  an  imiierfee- 
tion  in  the  casting,  about  one-fourth  of  the  surface,  or  that  jMjrtion  in 
which  the  crack  was  observ^ed,  showing  radiated  lines  of  cooling  and 
the  remainder  the  close  pasty  appearance  peculiar  to  tin  ruptured  by 
bending.  The  craek  no  doubt  weakened  the  bar,  as  the  final  bending 
was  resisted  by  but  little  more  than  three-fourths  of  the  section. 

Bar  No.  30  (all  copper). — This  bar  was  made  subsequently  to  the  tests 
above  described,  and  proved  te  be  a  much  better  bar  than  No*  1.  It 
was  cast  in  a  cold  iron  mold,  and  poured  when  at  a  dazzling  white  heat. 
The  surface  was  quite  free  from  blow-holes,  and  in  all  respects  the  bar  aj)- 
peared  to  be  sound.  It  is  therefore  taken  as  the  standard  bar  of  copper 
in  this  series  of  experiments.  It  was  tested  in  a  special  transverse 
testing-machine,  which  will  be  described  in  connection  with  the  account 
of  the  second  series  of  copper-tin  alloys,  which  latter  were  all  tested 
with  it.  A  remarkable  difference  was  observed  in  softness  and  ductility 
between  this  bar  and  bar  No.  1,  the  latter  breaking  at  050  pounds  after 
a  deflection  of  0.707  inch,  while  the  former  had  a  deflection  of  1.37  inches 
at  600  x>ounds,  3.49  inches  at  800  pounds,  and  sustained  finally  a  deflec- 
tion of  about  8  inches  before  breaking.  This  softness 
was  indicated  at  the  beginning  of  the  test  by  the  low 
limit  of  elasticity,  which  was  120  pounds,  while  in  bar 
No.  1  it  was  at  225  pounds.  A  set  of  0.01  inch  took 
}}lace  in  bar  No.  1  at  250  pounds,  but  in  bar  No.  30  at  less 
than  200  jiounds.  The  breaking  load  of  this  bar  is  taken 
at  800  pounds,  since  this  load  produced  a  deflection  of 
3.49  inches.  The  fracture  (Fig.  4)  showed  a  homogene-  Fig.  4. 
ous  and  compact  metal,  entirely  free  from  blow-holes,  with  fine  but  very 
distinctly  defined  lines  of  cooling,  perpendicular  to  each  edge. 

APPEABANCE  OP  THE  FBACTUBES. 

After  completing  the  tests  by  transverse  stress,  pieces  were  cut  ft*om 
each  bar  showing  the  transverse  fracture.  These  pieces  were  examined 
by  Prof.  A.  E.  Leeds  of  the  Stevens  Institute  of  Technology,  who  made 
the  following  report  concerning  their  colors  and  structures. 

DESCRIPTION  OF  THE  SUBFACES  OF  FBACTITBE  OF  A  SERIES  OF  AL- 
LOTS OF  COPPER  AND  TIN  BROKEN  BY  TRANSVERSE  STRESS, — BY 
PROF.  ALBERT  R.  LEEDS. 

No.  1  (all  copper). — Color,  copper-red,  altering  by  exposure  to  air  into 
purple  by  film  of  suboxide,  and  into  black  by  film  of  oxide  of  copper. 
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Surface  in  part  large  vesicular,  in  part  curvilinear  fibrous.  Maximum 
diameter  of  vesicles,  7  lum. ;  maximum  breadth  of  fibers,  1.5  mm. ; 
length,  8  mm. 

Xo.  2  (97.89  copper,  1.90  tin). — Color,  red,  slightly  oxidized  by  expos- 
iu*e.    Large  and  coarse  vesicular ;  maximum  diameter  of  vesicles,  5  mm. 

Xo.  3  (96.0(>  copper,  3.70  tin). — Color,  bright  reddish -yellow,  with  faint 
traces  of  black  oxide  from  exposure.  Surface,  small  and  finely  vesicu- 
lar. 

Xo.  4  (92.11  copper,  7.80  tin). — Color,  didl  reddish -yellow.  Homoge- 
neous.   Surface,  finely  aborescent. 

Xo.  5  (90.27  copper,  9.58  tin). — Color,  reddish-yellow,  with  spots  of 
dark  red  and  bright  yellow.     Surface,  not  homogeneous,  in  part  vesicu- 
lar, in  part  finely  fibrous. 

Xo.  6  (87.15  copper,  12.73  tin). — Color,  brass-yellow  in  part,  in  part 
bluish  white.  Siu-face,  not  homogeneous,  finely  vesicular.  Fracture^ 
ha-ckly. 

Xo.  7  (80.95  copper,  18.84  tin). — Color,  reddish-gray,  with  brass-yellow 
spots.     Siu'face,  reticulated  fibrous. 

X"o.  8  (76.64  copper,  23.24  tin). — Color,  reddish-gray.  Surface,  faintly 
vesicular ;  interior  of  vesicles  brass-yellow.  FractuiT,  irregularly  curved. 
Luster,  dull. 

Xo.  9  (69.84  copper,  29.89  tin). — Color,  grayish-white.  Surface,  crjs- 
tallization  prismatic,  diverging  from  center.  Fracture,  of  large  ciu:\^a- 
ture.    liuster,  glistening. 

Xo.  10  (68.58  copper,  31.26  tin). — Color,  grayish -white,  more  white 
than  the  preceding.  Surface,  crystalline  prismatic,  diverging  from  the 
center.    Fracture,  of  large  curvature.    Luster,  glistening. 

Xo.  11  ^65.34  coi)per,  34.47  tin). — Color,  bluish-gray,  showing  yellow- 
ish spots  m  some  lights.  Surface,  intemiptedly  crystalline.  Fracture, 
coarsely  rounded.     Luster,  splendent. 

Xo.  V2  (62.31  copper,  37.35  tin). — Color,  dark  bluish-gmy.  Surface, 
laminated.    Fractui*e,  coarse  hackly.    Luster,  splendent. 

Xo.  13  (56.70 copper, 43.17  tin). — Color, bluish-white.  Surfaee,  cr^stal- 
lization  eminent;  crystals  prismatic  and  diverging  from  center.  Luster, 
splendent. 

Xo.  14  (51.62  copper,  48.09  tm). — Color,  bluish-white.  Surface,  crys- 
tallized, but  not  readily  appai'ent.  Fracture,  coarse  angular.  Luster, 
splendent. 

Xo.  15  (47.61  copper,  52.14  tin). — Color,  gra>ash-white.  Surface,  finely 
granular.    Fra<5ture,  waved.    Luster,  glistening. 

Xo.  16  (44.52  copper,  55.28  tin). — Color,  grayish-white.  Surface,  lami- 
nated granular.    Fraeture,  coarsely  waved.    liuster,  glistening. 

X"o.  17  (42.38  copper,  57.30  tin). — Color,  grayish -white.  Surface,  crys- 
tallization finely  reticulate<l.    Fraeture,  uneven.     Luster,  glistening. 

Xo.  18  (38.37  copi)er,  61.32  tin). — Color,  grayish-white.  Surface,  crys- 
tallized, but  not  readily  apparent.  Fracture,  coarse  hackly.  Luster, 
bright. 

Xo.  19  (34.22  copper,  65.80  tin). — Color,  grayish- white.  Siufaee,  crys- 
tallization eminent,  prismatic,  an<l  diverging  Irom  center.  Prismatic 
angle,  130o.  Sides  of  prism  iloubly  striated,  one  set  of  strije  parallel  to 
edge  of  prism,  the  other  at  an  angle  of  47°  with  the  former.  Luster, 
splendent. 

Xo.  20  (25.85  c()i)per,  73.80  tin). — Color,  grayish -white.  Surface,  crys- 
tallization eminent,  prismatic.     Luster,  splendent. 

Xo.  21  (23.35  c()i)p(»r,  76.29  thi). — Color,  grayish-white.  Surface,  crys- 
tallized, but  not  leadily  apparent.    Fiactiue,  hackly.    Luster,  bright. 
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No.  22  (20.25  copper,  79.63  tin). — Color,  ^ra>ish-wiiite.  Surface,  crys- 
tallization not  larofe  but  eminent;  prismatic  diverging  Irom  center. 
Prismatic  angle,  107^.    Luster,  splendent. 

No.  23  (15.08  copper,  84.62  tin). — Color,  gra;visli- white.  Surface,  crys- 
tallization, coarse  with  i)rismatic  faces,  divergent.  Fmcture,  jagged. 
Luster,  splendent. 

No.  24  (11.49  copper,  88.47  tin). — Color,  grayish-white.  Surface,  crys- 
tallization finely  reticulated.  Fracture,  hackly.  Luster,  dull  with  bright 
reflections  from  scattered  crystalline'  faces.     Section,  distorted. 

No.  25  (8.57  copper,  91.39  tin). — Color,  grayish- white.  SurlVw^e,  gran- 
idar.  Luster,  dull,  with  glistening  points.  Section,  distorted  with 
curved  edges. 

No.  26  (3.72  copper,  96.31  tin). — Color,  grayish-Avhite.  Siu'fiwie, 
rounded  gi'anular.    Luster,  dull. 

No.  27  (0.74  copper,  99.02  tin). — Color,  grayish-white.  Surface,  crys- 
talhzation  feeble  with  undefined  prismatic  faces.    Luster,  bright. 

No.  28  (0.32  copper,  99.46  tin). — Color,  grayish- white.  Siufuce,  irreg- 
ularly waved.    Luster,  dull. 

No.  29  (All  tin). — Color,  bluish  or  grayish -white.  Surface,  slightly 
vesitmlar  at  center,  prismatic  at  edges.  Section,  much  distorted. 
Luster,  bright. 

TESTS  BY  TENSILE  STRESS. 

The  bars  broken  by  transverse  stress  were  afterward  tested  bj'  ten- 
sion, two  tension  pieces  being  made  from  eacli  bar,  one  from  the  upper 
and  one  from  the  lower  end. 

Each  bar  was  marked  with  the  letters  A,  B,  C,  D  in  addition  to  its 
number  for  the  i)urpose  of  distinguishing  ditterent  portions  of  the  bar. 
The  upper  end  of  the  bar  was  marked  A,  the  lower  end  B,  and  the 
middle  C  and  D,  respectively,  above  and  below  the  transverse  fowjtiu'e. 
The  pieces  tested  by  tension  are  distinguished  in  the  records  which  fol- 
low, bv  the  same  number  which  was  borne  bv  the  bar  from  which  they 
were  made  and  by  the  letters  A  or  B,  as  the  piece  was  taken  from  the 
upper  or  lower  end  of  the  bar. 

The  pieces  to  be  tested  were  made  of  tlie  shape  and  size  indicated  in 
the  diagram  below,  whenever  the  sizes  of  the  pieces  from  which  they 
were  cut  were  sulficient  to  allow  it. 


Fig.  5. 

When  the  broken  bar  fr-om  which  the  test-piece  was  made  was  not 
long  enough  to  make  the  piece  of  the  size  shown  above,  the  cylindrical 
portion  was  shortened,  leaving  the  s(iuare  ends  at  least  3  iuch(\s  in 
length.  The  cyliinlrical  poition  was  turned  with  great  care  to  a  diam- 
eter of  0.798  inch,  thus  giving  a  se<'tional  area  of  one-half  square  inch. 

The  pieces  numbered  No.  1  to  No.  8  (all  c()i)per  to  76.04  copper,  23.24 
tin),  inclusive,  were  turned  in  the  lathe  without  difficulty,  a  gradually 
increasing  hardness  b(4ng  noticed,  the  last  named  giving  a  very  short 
chip,  and  re(piire(l  frequent  sharpening  of  the  tool.  The  turned  sur- 
face of  all  these  bars  wa«  ma^le  peifectly  snu)oth  by  the  turning  tool. 
The  color  of  the  turned  surface  varied  from  copper-red  to  light  golden- 
yellow,  tlie  color  gradually  becoming  ligliter  with  the  increase  of  per- 
centage of  tin.     In  turning  these  bars,  blow-holes  of  various  sizes  were 
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fouiiil  ill  iipai'ly  nil  of  ttietti,  Xo.  4  nml  Xo.  7  only  bciiig  quite  fi-ec  from 
them;  Xo.  1  and  So.  2  hail  a  very  liirRe  iiiiiiil>«'r  of  all  nizvn,  and  Xos. 
3,  5,  (i,  and  }i  Inul  I'ncli  a  fi'W,  iiisii»lly  of  »iii)il1  niw. 

AVitli  th«  most  brittle  alloyn  it  was  found  inniossilile  to  tuni  tlie  tost- 
pieces  in  the  latlie  to  u  sinoutli  suifaoe.  >'o.  U  to  Xo.  11  (2i».8y  to  34.47 
tin)  could  not  lie  cut  witb  a  tool  at  all.  t'liijis  would  fly  ott'  in  atlvani-e 
of  tlie  t(H)l  and  betieath  it,  leJMinjj  a  rou(;h  Rurface,  or  the  tool  would 
soinetimeH  appareutly  cnish  off  portions  of  tlie  metal,  innndtii^  it  to 
iwwder.  These  bars  wew  not  turneil  down  to  the  standartl  Bize,  lt.79S 
inch,  but  bad  the  comers  merely  taken  off,  making;  the  (-^lindrical  por- 
tion netirlv  1  inch  diameter  and  1  inch  lon$;. 

No.  12  B  {30.96  tin)  gave  even  more  trouble  tlian  Xo.  0  to  Xo.  11.  The 
piete  bB)ke  in  the  lathe  before  the  corners  were  taken  off.  Xo.  12  A  was 
left  for  test  without  being  turned. 


Fig,  6. 

^o.  13  and  No.  14  (43.17  and  48.09  tiu)  worked  Uke  Xo.  9  to  Xo.  11. 
No.  14  B  (38.41  copper,  61.04  tin)  proved  to  be  much  softer  and  more 
easily  turned  than  Xo.  14  A  (62.27  copper,  37.58  tin),  aud  was  turned  to 
tlie  standard  diameter.  No.  14  A  was  aa  hard  as  No.  12.  This  was  due 
to  the  difference  in  composition  of  the  two  ends  of  this  bar,  as  before 
described,  the  larger  proportion  of  tin  being  at  the  bottom. 
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No.  15  was  imicli  softer  than  No.  13,  but  not  so  soft  as  No.  14  B.  It 
was,  however,  vers'  weak,  and  broke  in  the  lathe  before  being  finished. 
No.  lo  A  was  left  A\ithout  beinj?  turned. 

No.  16  worked  like  No.  15,  the  tool  taking  off  very  tine  chips  and 
powder. 

No.  17  was  a  little  softer,  chips  from  the  tool  bein^  easily  reduced  to 
I)owder  by  being  rubbed  between  the  fingers.  No.  17  A  (lo.O^  copper, 
53.80  tin)  was  somewhat  harder  than  No.  17  B  (38.83  copi)er,  60.79  tin), 
which  was  due,  as  in  the  cavse  of  No.  14,  to  liquation. 

No.  18  to  No.  20  Avorked  like  No.  17  B,  the  chips  being  very  weak  and 
brittle. 

No.  21  was  not  turned,  on  account  of  the  cavity  which  extended  through 
its  length. 

No.  22  to  No.  20  all  worked  ver^^  easily  in  the  lathe,  showing  increas- 
ing softness  as  the  proportion  of  tin  inci-eased. 

The  apparatus  used  in  the  tests  by  tensile  stress  was  the  testing  ma- 
chine in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, a  cut  of  which  is  shown  on  preceding  page. 

The  elongations  were  measured  by  means  of  a  pair  of  finely-pointed 
dividers,  with  a  fine  screw-attachment,  taking  the  distances  between  two 
points  marked  on  the  cylindrical  portion  of  the  test-piece,  about  5  inches 
ai)art.  The  distances  tnken  by  the  dividers  were  then  measured  on  a 
standard  scale,  divideil  to  hundredths  of  an  inch.  In  this  way  the  smallest 
elongation  wiiich  could  be  observed  was  0.01  inch,  which  wa«  i^robably 
in  many  cases  beyond  the  elastic  limit,  so  that  from  these  exi>eriments 
neither  the  elastic  limit  nor  the  modulus  of  elasticity  within  that  limit 
could  be  acciu'ately  determined.  As  a  close  appix)ximation,  however, 
the  elastic  limit  is  taken  from  the  curves  of  elongations,  the  point  at 
which  the  curves  appear  to  change  their  duection  toward  the  horizontal 
being  considered  to  indicate  the  limit. 

Tables  giving  the  record  of  the  test  of  each  bar  are  appended.  The 
following  is  a  summary  of  the  results: 
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Table  III.— First  Series— Coppkr  and  Tin  Alloys. 

Teals  by  Tennle  Stress. 


No. 


1  A  .. 
IB... 

Mean  . 

2  A  . . 
2B  .. 

Mean  . 

3A  .. 

3B... 

Mean  . 

4A  .. 

4B  .. 

Mean. 

5A  .. 

5B  ., 

Mean . 

6A  ., 

6B  .. 

Mean  , 

7A  .. 
7B.. 
Mean 

8A  ., 

6B  . 

Mean  , 

9B  . 
Mean 

lOB.. 

IIA  . 
IIB.. 
Mean 

12  A  . 

12  C . . 
Mean  . 

13  A  . 

13B  . 
Mean 

14  A  . 

14  B  . 
Mean 

15  A  . 

15  U  . 
Mean 

16  A  . 

16  B  . 
Mean 

17  A  . 

17  B. 
Mean 

18  A  . 
18B.. 


Composition  by 
aualyHis. 


Diameter. 


a 
o 


s 
H 


08     . 

o 


1« 

S  9 


11 

a  a 


Tenacity  per  square; 
inch. 


5* 


.^  a 
s  o 

n 


\  J  Inche*.  '  Inches 

Cast  copper       0.798  |    0.  7M0 

...do  i  0.798  i  0.742 

....  I i  0. 766 


0.0060 
0.0033 
0.0047 


Poundn. 
14, 180 
11,340 
12,760 


Pounds. 
14,464 
11,509 
12,987  , 


97.95  , 

97.83 

97.89 


1.88 
1. 1)2 
1.90 


96.16 
95.96  I 
96.06  I 


3.71 
3.80 
3.76 


0.798 
0.798 


0.798 
0.798 


0.  730     0.  l.'^66 
0.717  ,  0.1100  I 
0.  724  ;  0. 1333  ' 


35.200 
2:<.960 
24.5e0 


30,104 ; 

29, 142  ' 
29,623  ' 


92.14 
92.07  , 
92.  1 1   I 


7.84 
7.70 
7.80  I 


90.11 
m.  43 
90.27 

,    87.15 

i     87.  15 

j    87.15  ; 

'  80.99  I 
80.90  I 
80.95  i 


9.66 
9.50 
9.58 


12.69 
12.  77 
12.73 


0.798 
0.798 


0.798 
0.798 


0.798 
0.798 


0.696 
0.686 
0.691 


0. 1317 

0. 1540 

1  0. 1429 

30,960 
33.040 
32,000 

0.730  ,  0.0780  I  29,300 
0.737  0.0325  I  27,780 
0.  r34  ,  0.  0553    28, 540 


18.92  I  0.798 
18.75  0.79« 
18.  84  I 


76.67 
76.60 
76.64 

69.  90 
69. 77 
69.84 


23. 24 
23.23 
23.24 

29.85 
29.92 

29.89 


0.745 
0.760 
0.753 

0.792 
0.773 
0.783 

0.798 
0. 798 
3.  "398 


0.0412 
0.  0319 
0.0366 


0.0185 
0.0480 
0.0333 

0.004 
0.004 
0.004 

0.798  I  0.798 

0.798  i  0.798 

.  0.798 


0 
0 


0.985 
0.  972 


0.985 
0. 972 
0.979 


0 
0 


68  57   31.  30 


0 


65.31 
65.  36 
65.34 


34.47  i 

34.47 

34.47 


0  974 
0.975 


0.974 
0.975 


0 
0 


36,720 
27,000 
26.860 

26. 700 
32,160 
29,430 

33,600 
32.:i60 
32,980 

20.6(0 
21.  420 
22.010 

7,006 
4,164 
5,585 

1.620 

2.376 
2,025 
2.201 

2.'>0 
1,125 

688 

56.58 


56.  82 
56.70  1 

43.92  . 

43. 17 : 

0.975 

0.975 

0 

6-2.27  1 
1     38.41   1 

1     51.62 

1 

37.58 
61.01 
48.09 

0.968 
0.  798 

■  •  ■  ■       •  ■  • 

0.968 
0.  798 

0 
0 

47.72  ; 

1         It 

47.61 

5L99  , 
52.14 

1.055 

sqnare. 
1  ...... 

0 
0 

;     44.62 
,     44.42 

'     44.52 

55.  15 
55.  41 
55.  28 

0.  9.-0 
0.  798 

i    0.  yf^o 

0.748 

1 

1      ••••.■■ 

0 
0 

45.93  , 
•     38.  f  3  ' 
!     42.38 

53.  80 
on.  79 
57.30 

0.  798 
0.798 

0.  748 
0.748 

0 
0 

38.  37 

1     38.37 

61.  32 
61.  32 

0.708 
0.79d 

0.748 
0.748 

0 
<       0 

1 

1,359 

1,650 
1,  455 


1.170 
3,940 
2,555 

950 
2.  100 
1,525 

3,460 
2.  .%0 
3,010 

2,  260 
5.  560 
3.910 

2,820 

40,687 
44, 696 
42,692 

35, 00-2 
32,559 
a3.780 

30. 64t) 
29.761 
30,  W05 


27. 098 
34,263 
30,680 


33.600 
32,360 
32,980 

20,600 
23,  4:^0 
22,010 

7,006 
4,164 
5.  .585 

1,6-^ 

2,376 
3,025 
2,i01 

250 

1,125 

688 

1,359 

1, 6-0 
1,455 


1.  170  ' 
3.940  < 
2,555 

950 
2,100 
1,5J5  ; 

3, 4no 
2,.'i6() 
3,010 

2,260  1 

.5,560 

3,910 

2,820 

I*- 


■**  p- 


7  4 


12,000  . 
10,000  ■ 

11.000 : 


10,000 
10,000 
10,000 

16.  (100 
16.000 
]6,0i0 

80.000 
18.000 
19,000 

15.000 
16.500 
15,750 

30,000 
20,000 
20,000 

20,600 
23,4^ 
22,010 


7.006 
4.164 
5.585  I 


Bern  arks. 


4 


1,620 

3,376 
2,025 
2,201 

Rectanicnlar  sectioD 
0.994"  X  1.005". 


250 

1,125 

688 


1,259 

1,650 
1,  4."»5 


Rf^tanirular  secticn 
0.998"  X  1.004", 


1.170 
3.940 
2,555 


950 
3,100 
1,  .•)25 


.1,460 
2,560 
3,010 


3.260 
5,560 
3, 910 


2,830 


Bn>ke  Ih  fore  test. 
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Te«/»  hy  Tensile  5/re»«— Continued. 


Tenacity  per  square, 
inch. 


Compn«i!ionby 
analysis. 


Diameter. 


Na 


u 

'    §: 

o 


19  A  . 
19B.. 

SOA  . 
SOB.. 
Mean 

21A  . 

81B.. 

Mean 

S2A  . 

Mean 

23A  . 
523B.. 
Mean 

24A  . 
84  B  . 
Mean 

S5A  . 

2.5  B  . 

Meiin 

36A. 
26B.. 
Mean 


34.28 
34.32 


26.57 

i    S5.12 

35.85 

I    83.80 

83.89 

33.35 


65.80 
65.60 

7a  oe 

74.51 
73.  f  0 


o 


Iii/ches. 
0. 7^8 
0.799 

0.799 
0.798 


1^ 


Inches. 
0.748 
0.799 

0.799 
0.708 


'1 

a® 

- 1  *« 

H 


0 
0 

0 
0 


I 


c 


i^ 


a  a 

—  ^  * 


Kemarks. 


76. 89  0.  997 
75.66  I  1.000 
76.29  '  , 


0.997 
1.000 


0.0017 
0 


Poundi. 

Poundit. 

3, 371 

3,371 

3,371 

1.795 
1,500 

1,648 

1.795 
1,500 
1,648  : 

1.795 
1,500 
1,648 

6,875 
7,275 
6,775 


6,275  ; 
7,275  i 
6,775 


'  30.28 
20.81 
3a  85 

15. 12 
15.04 
15.08 


1    11  49 

i     11.48 

11.49 


79.63 
79.64 
79.63 

84. 5H  ! 
84.  65 
84.  62 


0.79»«  I    0.798 
0.  799  :    0.  799 


0.798 
0.798 


0.798 
0.798 


.1 


a82 

8.3*2 
a  57 

3.70 
3.74 
3.72 


88.44 
8a  50 
88.47 

91.1:2 
91.66 


0.798 
0.798 


0.798 
U.798 


0.768 
0.795 
0.7t2 

0.730 
0.740 


91.39      1     0.735 


96.30 
96.32 
96.31 


0.798 
0.798 


0.680 
0.660 
0.670 


0 
0 

6,440 
2,234 
4,337  ! 

0 
0.0067 
0.0067 

550 
6.  .520 
6, 520 

0.  0740 

0.008 

0.0410 

6,600 
0,160 
6,380  I 

0.  0714 
0.  Oli60 
0.  0687 

6,000 
6,900 
6.450 

0.0983 

0.148 

0.1232 

4,:i00 
5.260 
4,780 

6,440 
8,234 
4,3,37 


550 
6,520 


7,0J0 
6.204 
6,627  I 


7,167 
8,021 
7.594 


5,920 

7,«87 
6,804 


2RB.. 
Mean 

89A  . 
8»B  . 
Mean 

30A. 
30B  . 
Mean 


CaHt|ci>pper 


0. 798       0. 725 

0.798       0.740 

I    0.733 


0. 0752 
0.0.541 
0.0647 


29,  200  34.  7W 
26.  400  30.  201 
27,800         32,496 


Broke  before  test. 


6.375 
7,275 
6,  775 


6.440 
2,234 
4,3.17 

550 
5,500 


Roctflnznlar  faction 
0.9*)7"  X  1.007". 

Bectangnlar  section 
1"  X  1.02-'. 


Result  doubtful. 


3,000 
4,000 
3,500 


3.500 
3,501 
3,500 

a,  ."^00 
3,000 
2.  7.50 


14.000 
14.  000 
14.000 


Tenncityoffractured 
beciion  doubtful. 
Do. 


Do. 


TESTS  BY  TENSILE  STRESS. 


The  results  of  the  tests  by  tensile  stress  agreed  in  general  very  closely 
with  those  by  transverse  stress,  the  relative  strength  and  ductility  of  the 
various  bars  being  the  same  under  either  kind  of  test.  This  is  very 
plainly  shown  by  an  iuvspection  of  the  curves  in  IMate  VIII,  in  which 
the  transverse  and  tensile  strengths  and  the  ductility  are  compared. 

Bar  No.  1  (all  copper)  ])roved  deficient  in  both  strength  and  ductility, 
in  consequence  of  the  presem^e  of  a  large  number  of  blow-holes.  The 
fact  should  be  ke])t  in  mind  throughout  this  discussion  of  results  that 
these  cast  i)ieces  were  purposely  used,  although  frequently  unsound,  as 
it  was  intended  to  ascertain  the  value  of  each  allov  as  cast.    It  will  sub- 
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seqnently  be  determined  how  far  the  occurrence  of  unsoundness  in  casting^ 
can  be  avoided  by  si^ecial  treatment,  and  how  the  tenacity  and  other  val- 
uable properties  may  be  thus  improved.  No.  1  A  had  a  tenacity  of  14,180 
pounds  per  square  iiu'h,  and  Xo.  1  B,  11,;M()  pounds,  with  total  elonga- 
tions of  only  0.03  and  0.  02  inch  respecrti  vely.  The  contrast  l)etween  the 
properties  of  No.  1  and  Xo.  30  is  as  plainly  shown  in  the  tensile  as  in  the 
transverse  tests,  the  latter  having  a  tenacity  of  20,200  and  26,400  pounds 
in  the  A  and  B  ends  respectively,  with  elongations  of  0.370  inch  and 
0.271  inch.  The  tensile  strength  of  No.  30  A  is  uuusimlly  high  for  cavSt 
coi)per. 

Bar  No.  2  (07.89  copper,  1.00  tin)  was  very  much  more  ductile  than 
No.  1,  but  was  rendered  deficient  in  strength  by  blow-holes. 

Bar  No.  3  (96.06  copper,  3.76  tin)  wa«  stronger  and  more  ductile  than 
No.  2.  The  fractures  of  No.  3  A  and  No.  3  B  both  showed  blow-holes, 
which  probably  decreased  their  strength. 

Bars  No.  4  and  No.  5  (7.80  and  9.58  tin)  showed  an  exception  to  the 
rule  of  increase  of  sti-ength  with  increase  in  the  proportion  of  tin,  and 
were  both  weaker  under  tensile  stress  than  No.  3,  while  in  the  transverse 
tests  No.  3  was  the  weakest  and  No.  5  the  strongest  of  the  three  bars. 
The  reason  of  this  weakness  does  not  apx)ear  to  be  the  pivsence  of  blow- 
holes, as  No.  3  had  more  of  these  than  either  No.  4  or  No.  5.  In  the 
case  of  No.  5  the  weakness  is  ])robably  due  to  the  want  of  homogeneity 
of  the  metal.  As  observed  in  the  TU)tes  on  transverse  test«,  the  fi'actui'e 
by  transverse  stress  was  not  homogeneous,  the  central  portion  being 
dark  red  or  brownish-red,  while  the  outer  i^ortions  were  of  a  reddish- 
yellow  to  yellowish-gray  coh)r. 

In  the  fractures  under  tensile  tests  these  same  contrasts  of  color  were 
also  ol)scrved,  varying  sliglitly  from  those  of  the  transverse  fra<*tare. 
The  yellowish-colored  metal  being  i)artly  cut  away  in  turning  the  cylin- 
drical test-piece,  the  section  left  was  composed  of  a  larger  proportion  of 
the  dark-colored  metal,  which  was  probably  weaker  than  the  otlier.  The 
dark  color  ai)peared  as  if  it  might  have  been  due  to  oxidation  of  the  cop- 
per, rather  than  to  the  formation  of  a  distinct  alloy  of  the  pure  metals, 
as  no  alloy  of  the  whole  series  in  any  way  resembled  the  central  portion 
of  bar  No.  5  in  color. 

The  more  rai)id  cooling  of  the  metal  at  the  surface  than  in  the  center 
may  have  nmile  the  exterior  portions  the  stronger,  and  these  having 
been  cut  away  by  turning  the  tension  pieces,  this  may  aci^ount  for  the 
weakness  of  the  latter. 

Bar  No.  6  (87.15  copper,  12.73  tin)  showed  a  marked  difference  in 
tenacity  in  the  ui)per  and  lower  parts  of  the  bar,  No.  6  A  (87.15  copper, 
12.96  tin)  breaking  at  2(»,700  i)Ounds  per  square  inch,  and  No.  6  B  (87.15 
copper,  12.77  tin)  at  32,160  pounds.  A  small  blow-hole  ai)peared  in  the 
fracture  of  No.  6  A,  but  it  was  not  large  enough  to  account  for  the 
difterence  in  strength.  The  cause  is  more  probably  the  difference  of 
structure  of  the  metal  in  the  two  ends  of  the  bar.  The  fracture  of  No. 
6  A  was  like  the  transverse  fracture  in  a])pearance,  coarse,  granular,  and 
mottled  in  color.  No.  6  B  was  also  mottled,  but  much  more  finely,  a 
close  observation  only  revealing  the  two  distinct  colors  of  the  metal. 
The  structure  was  also  much  more  compact.  The  analysis  of  the  turn- 
ings fiXHU  each  of  these  pieces  shows  the  composition  to  be  almost  pre- 
cisely the  same.  The  difference  in  structure  may  have  been  caused  by 
the  difference  in  pressure  at  the  top  and  bottom  of  the  mold. 

Bar  No.  7  (80.95  copper,  18.84  tin)  was  the  strongest  of  the  series,  the 
results  of  the  tensile  tests  agreeing  with  those  of  the  transverse  tiest*. 
The  tension-pieces  showed  but  little  ductility,  both  breaking  after  an 


TESTS   OF   METALS.  319 

elongation  of  only  0.02  inch.  l^o.  7  A  (80.99  copper,  18.92  tin)  sliowed 
a  lack  of  homogeneity  in  color,  and  was  somewhat  weaker  than  No.  7  B 
(80.90  copper,  18.75  tm). 

Bar  No.  8  (76.64  copper,  23.24  tin)  was  much  weaker  than  No.  7,  and 
had  so  little  ductility  that  no  elongation  amounting  to  0.01  inch  could 
be  detected.  The  fractures  were  similar  to  the  transverse  fracture,  with 
several  ver>-  small  blow-holes.  Bars  No.  8  to  No.  20  (23.24  to  73.80  tin), 
inclusive,  had  all  such  exceedingly  slight  ductility  that  none  of  them 
elongated  0.01  inch  tensile  stress.  Their  comparative  ductility,  there- 
fore, cannot  be  determined  from  these  tests.  The  fact  of  their  having 
such  a  small  degree  of  ductility,  moreover,  unfits  them  for  any  use  in 
which  strength  is  required,  and  their  comi)arative  ductility  is  of  no 
practical  value. 

Bars  No.  9  and  No.  10  (29.89  and  31.26  tin)  were  so  hard  that  great  diffi- 
culty  was  experienced  hi  holding  them  in  the  grip-blocks  of  the  tensile 
machine.  These  grip-blocks  were  made  of  very  hard  cast  steel,  and  the 
gi'ip])ing-edges  were  scored  like  a  file.  Instead  of  cutting  into  the  metal 
of  No.  9  and  No.  10,  as  they  did  with  all  metals  softer  than  hardened, 
steel,  they  grouiul  olf  the  surface  and  let  the  pieces  slij)  out. 

No.  9  A  was  turned  in  the  middle  portion  to  the  cylinder  form,  and 
was  1  inch  long  and  0.985  inch  in  diameter,  it  broke,  however,  in  the 
s<iuare  end  of  the  specimen,  about  1  inch  tiom  the  end  of  the  turned  por- 
tion, thus  fracturing  a  secti(m  which  was  one-third  larger  than  the  mini- 
mum sex'tion  of  the  i»iece.  This  phenomenon  took  place  also  in  bar  No. 
13  (56.70  copper,  43.17  tin),  and  may  indicate  planes  of  weakness  in  por- 
tions of  the  test-piece  or  the  existence  of  inti^rnal  strains  greater  in  some 
portions  of  tlu^  pieces  under  test  than  in  others. 

AH  of  the  brittle  pieces  showed  not  only  general  weakness  but  irreg- 
ularity of  strength.  The  upi)er  and  lower  portions  of  the  bar  often 
yave  very  ditl'erent  results,  and  differed  so  irregularly  that  they  seemed 
to  follow  n:)  law  whatever.  Tlie  tensile  strength  of  pieces  of  which  the 
chemical  analyses  showed  similar  (constitution,  as  well  as  the  ai^pearance 
of  the  metal,  often  gave  widelv-varving  results. 

Bars  No.  11  to  No^  20  (34.47  to  73.80  tin)  all  exhibited  similar  deficiency 
of  strength.  Tlie  i>eculiarities  of  each  are  given  in  the  notes  in  the  ap- 
pended tables  under  the  record  of  the  test  of  each  bar.  The  minimum 
average  strength  was  shown  by  bars  No.  12  and  No.  13  (37.35  and  43.17 
tin),  corresponding  to  the  results  of  the  transverse  tests.  From  No.  13 
to  No.  21  there  was  a  somewhat  iiTcgular  increase  of  strength.  No.  21 
giving  a  second  maximum  i)oint  of  strength  in  the  series  as  occurred  with 
the  ti'ansverse  tests. 

Bar  No.  21  (23.35  copper,  76.29  tin)  was  tested  at  its  original  square 
section,  on  account  of  the  existence  of  a  cavity  through  its  center^ 
before  described.  No.  21  A  showed  some  indications  of  ductility,  an 
elongation  of  0.01  inch  being  observed. 

Bar  No.  22  (20.25  copi)er,  79.(53  tin)  showed  no  elongation  amounting 
to  0.01  inch.  No.  22  A  (20.28  cop])er,  79.63  tin)  w^as  nearly  three  times 
as  ductile  as  No.  22  B  (20.21  copper,  79.62  tin). 

Bars  No.  23  to  No.  29  (84.62  to  all  tin)  showed  regularly  increasing  ductil- 
ity. No.  23  B  breaking  after  an  elongation  of  0.02  inch  and  No.  29  B 
after  an  elongation  of  2.58  inches. 

Bar  No.  23  A  gradually  elongated  under  the  load  of  3,300  pounds  for 
two  minutes  before  breaking,  the  elongation  increasing  from  0.13  to 
0.37  inch.  This  '* time-test"  showed  the  same  result  as  those  given  in 
the  tests  by  transverse  stress,  viz,  that  the  ductile  metals  may  show  a 
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I?reater  or  a  less  resistance  to  stress  as  the  load  is  applied  for  a  shorter 
or  longer  time.* 

The  ductile  bars  showed  a  much  greater  uniformity  of  strength  in  the 
upper  and  lower  portions  of  the  bars  than  the  brittle  pieces,  when  the 
time  occupied  by  the  test  was  the  same. 

''  Time-tests''  of  shorter  duratitm  were  made  with  nearly  all  the  bars 
from  No.  2:i  to  Xo.  29,  w  ith  the  uniform  result  of  increasing  the  elonga- 
tion. With  Xo.  29  A  a  special  *•"  time-test "  w^as  made  to  determhie  the 
dift'erence  hi  resistance  to  slow  and  rapid  rui)ture.  This  bar  being  com- 
posed entu^ely  of  tin,  and  apparently  a  good  casting,  it  would  be  ex- 
pected that  tests  of  the  two  pieces,  one  from  the  u))per  and  one  from 
the  lower  end  of  the  bar,  would  show  little,  if  any,  difference  in  strength. 
No.  29  A  was  first  tested  with  a  load  of  1,790  pounds,  which  caused  an 
elongation  of  0.15  inch.  This  load  was  then  reduced  to  1,250  pounds, 
and  the  reading  again  taken,  showing  an  elongation  of  0.19  inch,  which 
increased  in  two  minutes  to  0.27  incli.  The  load  was  then  increased  to 
1,400  pounds,  and  the  elongation  w  as  0.32  inch.  The  load  was  allowed 
to  remain  on  the  bar  for  ten  minutes,  and  the  elongation  gradually 
increased  to  1.70  inches,  when  the  bar  broke.  It  seems  i)robable  from 
this  test  that  the  load  of  1,400  pounds  would  have  broken  the  piece  even 
if  the  load  of  1,700  pounds  had  not  been  i)laced  on  it  at  the  beginning  of 
the  test. 

Bar  Xo.  29  B  was  then  tested  in  a  different  manner.  The  load  was 
gradually  but  rapi<lly  increased  to  2,100  iM)unds,  without  stoi)ping  longer 
than  a  sufficient  time  to  take  the  reading  of  the  elongations  at  975, 
1,180,  1,290,  1,(K)0,  and  2,(MM)  pounds.  At  2,100  pounds  the  elongation 
was  read,  1.88  inches.  The  piece  then  extended  very  ra])idly,  and  at 
the  same  time  its  resistance,  as  measured  by  the  scale-beam,  reduced  to 
1,700  pounds.  The  pump  of  the  hydraulic  press  was  run  as  fast  Jis 
possible,  but  the  Innnn  could  not  be  balanced  by  so  doing  beytmd  1,700 
l)Ounds.  The  piece  sustained  this  load  a  few  seconds,  and  then  broke 
after  an  elongation  of  2.58  inches. 

Comparing  these  two  tests,  it  is  seen  that  the  resistance  of  Xo.  29  A  to 
an  elongation  greater  than  0.19  inch  was  never  greater  than  1,400  pounds, 
while  that  of  Xo.  29  B  was  2,100  j^oands,  or  59  per  cent,  more  than  the 
former ;  which  50  i)er  cent,  apparent  increase  of  strength  may  have  been 
entirely  due  to  the  greater  rapidity  of  the  test  of  Xo.  29  B  and  not  to  its 
inherent  strength.  The  fact  that  the  difference  in  sti*ength  is  only  ap- 
parent is  confirmed  by  the  experiments  by  torsional  stress  on  pieces  from 
the  same  bar,  which  are  hereafter  described.  These  showed  that  torsion- 
piec^es  Xo.  29  A  aud  Xo.  29  B,  one  from  the  top  the  other  fnmi  the  Iwt- 
tom  of  the  bar,  each  tested  by  a  moderately  slow  motion,  each  gave  a 
resistance  of  142  foot-poun<ls  torsional  moment ;  piece  Xo.  29  C,  from  the 
middle  of  the  bar,  tested  in  the  same  manner  resisted  L'i.2  foot-]>ouiKls, 
while  Xo.  29  D,  a  piece  also  taken  from  the  middle  of  the  bar  and  origi- 
nally adjoining  Xo.  29  C,  tested  by  very  slow  motion  and  left  under 
stress  for  many  hours,  resisted  only  9.2  foot-pounds  or  about  30  i)eri?ent. 
less  than  either  of  the  other  i)ieces. 

The  strengtli  per  scpiare  inch  of  fractured  section  is  given  in  the  tables 
for  the  i>urpose  of  c()m])tirison,  but  it  is  not  an  indicator  of  either  the 
ultimate  or  the  us.^ful  strength  of  the  metals,  exccj)t  in  those  which  have 
but  a  limited  degree  of  ductility  and  which  do  not  show  increase  of 
elongation  under  contiiui(»d  stress,  in  the  cases  of  ductile  metals,  the 
portion  of  the  test-piece  just  above  and  below  the  point  of  fractui-e  gi'a^l- 
nally  narrowed  down  as  the  breaking  load  was  reached,  and  in  most 
cases  this  narrowing  or  "necking  down''  was  very  rapid  the  instant  be- 

*See  paper  by  the  writer  in  appendix  on  The  Effects  of  Time,  &c. 
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fore  ftttcture.  In  fiuch  cases  the  beam  of  the  scale  often  dropped  a  few 
seconds  before  fracture  took  place,  showing  a  decrease  of  resistance  and 
consequently  a  decrease  of  stress.  The  flnal  rupture  was  caused,  there- 
fore, by  some  load  less  than  the  maximum  load  which  the  piece  sustained 
before  the  rapid  necking  down  commenced.  In  a  few  cases  it  was  pos- 
sible to  follow  the  decrease  of  resistance  to  stress  by  balancing  the  scale- 
l>eam,  nearly  to  the  instant  of  niptui-e,  but  never  entiiely  to  it,  so  that 
the  actual  load  sustained  by  the  piece  at  the  instant  of  rupture  could  not 
be  determined.  The  so-called  "tenacity  per  square  inch  of  fractured 
section,''  found  by  dividing  the  maximum  loa<l  sustained  by  the  piece 
hy  the  area  of  section  measured  after  fractiu'e,  is  therefore  no  indication 
of  the  strength  of  the  metal.  Even  in  the  cases  in  which  the  decrease 
of  stress  was  not  observed,  and  the  scale-beam  dropped  apparently  at 
the  siime  instant  that  rupture  took  place,  it  is  not  always  certain  that' 
decrease  of  resistance  does  not  take  place  first,  although  only  a  fraction 
of  a  second  before  rupture,  nor,  thei^efore,  that  the  final  section  (meas- 
iirwl  after  rupture)  even  sustained  the  load  indicated  by  the  scale-beam. 
The  following  description  ot  the  fractures  by  tensile  stress  has  been 
made  bv  Prof.  A.  K.  Leeds. 

DESCRIPTION  OF  THE  SURFACES  OF  FRACTURE  OF  A  SERIES  OF  ALLOYS 
OF  COPPER  AND  TIN  BROKEN  BY  TENSILE  STRESS. 

BT  PROF.   ALBERT  R.   LEEDS. 

No.  1  B  (all  copper). — Color,  copper-red,  with  a  purple  flbn  of  sub- 
oxide; surface,  in  part  large  vesicular,  in  part  crystalline,  radiating  to- 
ward edge. 

No.  2  A  (97.96  c^pi)er,  1.88  tin). — Color,  copper-red;  surface  deeply 
vehicular;  fracture,  uneven;  luster,  dull,  with  bright  points. 

Bar  No.  2  B  (97.83  copper,  1.92  tin). — Color,  copper-red,  inclining 
towaiYl  yellow ;  surface,  finely  vesicular;*  fracture,  uneven;  luster,  dull, 
with  fine  bright  points. 

Bar  No.  3B  (95.96  copper,  3.80  tin). — Color,  reddish-yellow;  surface, 
finely  vesicular,  the  curved  surfaces  interrupting ;  luster,  dull. 

Bar  No.  4  B  (92.07  copper,  7.76  tin). — Color,  yellowish-red  in  part,  in 
[)art  reddish-yellow ;  surface,  vesicular ;  luster,  dull. 

Bar  No.  5  A  ^90.11  copper,  9.66  tin). — ^Color,  yellowish-red ;  surface^ 
crystallization,  nbrous,  nuliate,  finely  vesicular  on  faces ;  luster,  dull. 

Bar  No.  5  B  (90.43  copper,  9.50  tin). — Color,  grayish-yellow ;  surface, 
coarse  vesicular;  fracture,  jagged;  luster,  dull. 

Bar  No.  6  A  (87.15  copper.  12.69  tin). — Color,  bluish-white  with  bright 
vellow  spots;  surface,  conmsedly  vesicular;  fraeture,  hackly;  luster, 
duU. 

Bar  No.  6  B  (87.15  copper,  12.77  tin). — Color,  reddish-yellow,  with  blu- 
ish-gray points,  producing  a  general  impression  of  orange;  surface, 
broadly  crystalline,  with  surfaces  of  prismatic  faces  finely  vesicular; 
luster,  dull,  with  minute  bright  points. 

Bar  No.  7  A  (80.99  copper,  18.92  tin). — Color,  grayish- white  with  yel- 
low points ;  surface,  not  apparently  crystalline ;  fracture,  coarse  hackly; 
luster,  dull. 

Bar  No.  8B  (76.60  copper,  23.23  tin). — Color,  yellowish-gray ;  surface, 
vesicular,  with  smooth  intervening  faces;  fracture,  even;  luster,  shin- 
ing. 

Bar  No.  9  A  (69.90  copper,  29.85  tin). — Color,  yellowish-gray  to  bluish- 
gray  in  different  lights ;  surface,  broadly-bladed  prismatic,  and  diverg- 
ing from  center ;  fracture,  smooth  ;  luster,  splendent. 

Bar  No.  10  A  (68.58  copper,  31.26  tin). — Color,  yellow  to  bluish-gray; 
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surface,  broadly-bladed  prismatic  and  diverging  from  center ;  fracture, 
smooth ;  luster  splendent. 

Bar  No.  11  A  (G5.31  coi)per,  34.47  tin). — Color,  yellow  to  bluish-gray; 
surface,  crystallized,  but  not  readily  a]>parent ;  fracture,  coarsely  waved ; 
luster,  splendent. 

Bar  No.  12  B  (02.79  copper,  36.90  tin). — Color,  blue;  surface,  coarsely 
waved  and  i>itted ;  luster,  splendent. 

Bar  No.  13 A  (56.58  copper,  43.11  tin). — Color,  bluish;  surface,  crys- 
tallization eminent,  prismatic;  bla<les  diverging  from  center;  fnictur<», 
uneven ;  luster,  splendent. 

Bar  No.  14  A  (62.27  copper,  37.5<S  tin). — Color,  bluish-grdy  in  part,  in 
part  reddish-gray ;  surface,  crystallized  but  not  i-eadily  apparent ;  frac- 
ture, uneven ;  luster,  dull. 

Bar  No.  14 B  (38.41  copi>er,  61.04  tin). — Color,  bluish-gray;  surface, 
crystallized  but  not  readily  ai)parent ;  fracture,  (coarsely  waved ;  luster, 
splendent. 

Bar  No.  15  B  (47.49  copper,  52.29  tin). — Color,  bluish-gray  to  grayish- 
white;  surface,  waved;  fracture,  irregular;  luster,  glistening. 

Bar  No.  16  B  (44.42  copper,  55.41  tin). — Color,  grayish-white ;  surfeice, 
crystallized  but  not  readily  apparent,  waved  and  feebly  vesicular ;  luster, 
glistening. 

Bar  No.  17  B  (38.83  copper,  60.79  tin). — Color,  gni>ish-white;  surface, 
finely  waved  vesicular ;  luster,  shining,  with  bright  points. 

Bar  No.  18  A  (43.37  cox)per,  56.37  tin). — Color,  grayish- white ;  surface, 
crystallization  prismatic,  with  waved  lines  on  prismatic  faces ;  luster, 
splendent. 

Bar  No.  18  B  (43.36  copper,  56.40  tin). — Color,  grayish-white ;  surface, 
crystallized  but  not  readily  a])parent,  feebly  vesicular;  fracture,  irregu- 
lar ;  luster,  glistening,  bright  lines  of  reflection  from  cr>'^stalline  faces. 

Bar  No.  19  A  (40.32  copx)er,  59.46  tin). — Color,  grayish-white ;  sur- 
face, crystallization  eminent,  prismatic ;  the  prismatic  faces  large  and 
striated ;  prismatic  angle,  91^ ;  luster,  splendent. 

Bar  No.  19  B  (40.24  copper,  59.44  tin). — Color,  grayish^white;  surface, 
crystallization  eminent,  prismatic ;  luster,  splendent. 

Bar  No.  20  A  (26.57  copper,  73.08  tin). — Color,  grayish- white;  sur- 
face; crystallization  eminent,  the  faces  in  part  prismatic,  in  part  having 
an  octahedral  aspect ;  luster,  splendent. 

Bar  No.  20  B  (25.12  copper,  74.51  tin). — Color,  grayish-white ;  sur- 
face, crj'stallized  but  not  readily  ap])arent,  waved  and  feebly  vesicular; 
fracture,  rough ;  luster,  glistening,  \vith  bright  surfaces  of  reflection. 

Bar  No.  21  B  (33.89  copper,  75.(58  tin). — Color,  grayish-white ;  surfiice, 
feebly  crystalline  and  vesicular;  ft*acture, hackly;  luster,  glistening,  with 
bright  points. 

Bar  No.  22  A  (20.28  copper,  79.63  tin.) — Color,  grayish- white ;  siuitu*e, 
crystallization  eminent,  prismatic  faces  inegular;  luster,  splendent. 

Bar  No.  22  B  (20.21  copper,  79.62  tin). — Color,  grayish-white ;  surface, 
confusedly  crystalline,  with  prismatic  faces;  luster,  splendent. 

Bar  No.  23  A  (15.12  coi)i)er,  84.58  tin). — Color,  grayish- white,  in  part 
with  yellow  tarnish ;  surface,  crystallization  eminent,  broad  prismatic 
faces,  radiate;  luster,  splendent. 

Bar  No.  24  B  (11.48  copper,  88.50  tin). — Color,  grayish -white;  surface, 
crystalized  fibrous;  firacture,  hackly;  luster,  glistening,  with  bright  lines 
of  reflection  from  edges  of  crystals. 

Bar  No.  25  A  (8.82  coi>per,  91.12  tin). — Color,  grayish-white;  surfa<H\ 
irregular  and  feebly  vesicular;  luster,  dull. 

Bar  No.  26  B  (3.74  copper,  96.32  tin). — Color,  grajish-white;  siuiiico, 
fibrous,  in  part  slightly  vesicular ;  luster,  dull. 
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Bar  No.  27  A  (0.75  copper,  98.08  tin). — Color,  grayish-white;  surface, 
fibrous;  ftuctui»e,  jagged ;  luster,  dull. 

PHOTOaHAPHS  OF  FEACTURES. 

The  surfaces  of  flracture  by  tensile  and  transverse  stresses,  which  were 
submitted  to  Professor  Leeds  for  description,  were  also  photographed  by 
him.    Copies  of  these  photographs  are  presented  with  this  report. 

Considerable  trouble  was  experienced  and  a  great  deal  of  time  con- 
sumed in  mounting  the  pieces  so  as  to  obtain  the  proper  effect  of  light 
and  shade  necessary  to  show  the  peculiarities  of  structure  of  the  frac- 
tured surfaces.  The  best  effect  was  finally  obtained  by  magnifying  the 
image  of  the  fracture,  so  that  the  photographs  were  one  and  a  half  times 
the  original  size  of  the  specimen.  In  general  six  pieces  were  taken  at 
once,  as  it  was  found  that  if  more  than  this  number  were  taken,  the  dif- 
ference in  structure,  and  consequently  in  reflection  of  light,  was  such 
that  the  treatment  necessary  to  obtain  good  pictures  of  some  of  the 
pieces  was  not  suitable  for  others. 

In  this  way  twenty-two  plates  were  made,  and  these  were  afterward 
combined  into  six  groups  of  four  plates  each,  and  reduced  to  about  half 
size,  or  to  about  three-fourths  of  the  size  of  the  specimens.  The  six 
plates  thus  formed  are  those  submitted  herewith.  They  are  numbered 
jtom  No.  1  to  No.  6,  and  the  following  is  a  key  to  the  arrangement  of 
the  fipactures  which  are  photographed  in  each: 

Key  to  (he  Arrangement  of  Photographs  of  Fractures  of  Copper- Tin  Alloys. 
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Plate  No.  3. 
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Plate  No.  4. 
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Plate  No.  5. 
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Plate  No.  6. 
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13 

20 

20 

14 
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Those  numbers  which  have  not  the  letters  A,  B,  C,  D  annexed  are 
fractures  by  transverse  stress,  those  with  letters  affixed  are  tensile  frac- 
tures, except  the  five  pieces  in  the  upper  left-hand  corner  of  Plate  No.  1, 
-which  were  fractures  by  torsion,  and  No.  15  A  and  No.  19  C,  in  Plate 
No.  3,  the  former  of  which  is  a  side  view,  showing  surfiu^e  markings  of 
crystallization.  The  latter  was  an  accidental  fracture,  which  shows  a 
highly  crystalline  structure. 
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TESTS   BT  TORSIONAL   STRESS. 


After  breaking  the  pieces  by  tessUe  stress,  as  described  above,  tlie 
aqaare  euds  of  the  fractured  pieces  were  turaed  into  pieces  suitable  for 
testa  by  torsion.  The  standard  shape  and  size  of  these  torsion  pieces  are 
shown  in  the  sketch  below: 


^  S 


The  pieces  were  turned  with  great  care  to  a  diameter  of  0.625  inch,  as 
measured  by  a  standard  gauge,  and  the  distance  between  fillets  and  the 
shape  of  the  fillets  were  made  uniform  by  comparing  with  a  standard 
templet.  The  pieces  which  were  too  brittle  to  be  turned  in  a  lathe 
were  shaped  by  grinding  with  an  emerj'-wbeel  iit  an  apparatus  designed 
for  the  purpose. 

The  pieces  from  each  bar  were  marked  with  the  letters  A,  B,  C,  D  m 
addition  to  the  number  of  the  bar,  these  letters  corresponding  with  those 
-on  the  tension  pieces,  A  beiug  the  piece  nearest  the  top  of  the  bar,  B 
nearest  the  bottom,  uud  C  and  D  from  the  middle. 


Fio.  8. 

The  tests  by  torsion  were  made  in  Prof.  R.  H.  Thurston's  machine  tor 
testing  the  strength,  elasticity,  shock-resisting  power  of  resihence,  and 
the  homogeneonsness  of  metal.  The  material  is  tested  by  twisting,  by 
which  is  obtained  a  great  range  of  distortion  and  the  most  favorable 
treatment  for  revealing  all  the  characteristics  of  the  test-piece.  The 
]att«r  is  placed  between  two  independent  jaws,  one  of  which  is  rotated 
by  means  of  au  arm  in  tlie  simpler  styles,  and  in  the  one  here  illustrated 
by  aworm,  L,  and  gear  M.    The  foitie  thus  applied  is  transmitted  through 
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the  tesf-piece  to  the  otlier  jaw,  from  which  depeiidH  a  weighted  arm  or 
pendulum,  B.  The  resistance  offered  by  this  peuduUim  to  the  force 
tending  to  deflect  it  from  the  vertical,  (uiuses  that  force  to  react  upon 
the  test-piece  and  produce  distortion  and  fracture.  The  anguhir  posi- 
tion assumed  by  the  penduhim  is  a  mea.sure  of  that  force.  A  i)encil 
is  secured  to  the  penduhim  and  is  move«l  when  tlie  hitter  is  thrust  for- 
wai-d,  in  a  direction  per];)endicular  to  the  plane  of  rotation,  by  its  con- 
tact with  a  guide-curv^e,  F,  fastened  to  the  frame  of  the  machine.  A 
cylinder,  G,  is  secured  to  that  jaw,  which  is  moved  by  the  gear-wheel. 
The  cylinder  and  the  pencil  have  i)recisely  the  relative  movements  of 
the  two  ends  of  the  test-piece,  so  that  the  length  of  the  curve,  automat- 
ically described  l)y  the  pencil  upon  a  pa])er  wrai>])ed  about  the  cylinder, 
becomes  a  ineaMire  of  the  degree  of  distort i(m  or  of  the  ductility,  and  its 
height  measures  the  resistance  oftered  by  the  material. 

The  material  thus  tells  its  own  story,  these  elements  recording  tliem- 
s*'lves  simultaneously  and  continiumsly  fi*om  the  initial  point  to  the  point 
of  final  rupture. 

The  diagnims  made  by  the  machine  show  to  the  eye  at  a  glance  tlu» 
nature  of  the  umterial  tested  and  are  verv  characteristic. 

In  making  a  test  with  this  machine,  the  test-piece,  of  the  form  shown 
on  previ<ms  page,  is  jdaced  in  the  jaws  of  the  two  Avrenches,  each  of  which 
takes  one  of  its  sipiared  ends,  and  force  being  applied  to  tlie  handle  L, 
the  stress  thro^\^l  ui)on  the  specimen  is  transmitted  through  it  to  the 
weighted  arm  B,  causing  it  to  swing  about  its  axis  until  the  weight  exerts 
a  moment  of  resistance  which  equilibrates  the  moment  of  the  applied 
tbrce.  As  the  magnitude  of  the  distorting  foi*ce  changes,  the  position 
of  the  weight  simultaneously  changes,  and  the  jiencil  indicates,  at  each 
instant,  the  value  of  the  stress  upon  the  test-piece.  As  the  piece  .fields 
under  stresses  of  increasing  amount,  also,  the  pencil  is  carried  in  the 
direction  of  the  circumference  of  the  cylinder  on  which  its  record  is 
made,  and  to  a  distance  which  is  proportional  to  the  amount  of  distortion, 
i.  e.  to  the  ''  total  angle  of  torsion." 

As  the  applied  force  increa^^es,  the  specimen  yields,  and  finally  ruptuiv 
occurring,  the  pencil  returns  to  the  base-line,  at  a  distance  from  the 
starting-point  which  measures  the  angle  through  which  the  test-piece 
yielded  before  its  fracture  became  complete. 

Keferring  to  the  diagrams  obtained  in  making  these  tests,  which  are 
appended  to  this  report,  it  is  seen  that  the  vertical  scale  of  the  diagrams 
is  a  scale  of  torsional  moments,  and  the  horizontal  scale  is  one  of  total 
angles  of  torsion.  Since  the  resistance  to  shearing,  in  a  homogeneous 
material,  varies  with  the  resistance  to  longitudinal  stress,  it  follows  that 
the  vertical  scale  is  also  for  such  materials  a  scale  of  direct  resistance, 
and  that  with  approximately  homogeneous  substances  this  scale  is  ap- 
proximately accurate  where  all  specimens  compared  are  of  the  same 
dimensions.  Since  the  elasticity  of  the  material  is  measured  by  the 
ratio  of  the  distorting  force  to  the  degree  of  temporary  distortion  pro- 
duced, the  diagrams  will  exhibit  the  elastic  proj)erties  of  the  material^ 
as  well  as  measure  its  ductility  and  its  resilience. 

It  will  be  noticed  also  in  these  diagrams  that  the  first  portion  of  the 
line  is  usnally  a  curve  of  small  radius,  convex  toward  tlie  axis  of  ab- 
Hcissas^  and  that  the  line  then  rises  at  a  slight  inclination  from  the  ver- 
tical, but  becoming  very  nearly  straight  until,  at  a  point  some  distance 
above  the  origin,  it  takes  a  reversetl  curvature.  The  first  ^wrtion  of  the 
Kne  m  probably  formed  by  the  yielduig  of  the  packing-pieces  securing 
the  heads  of  the  sj>ecinien,  and,  after  they  have  taken  a  bearing,  by  the 
early  yielding  in  some  nmterials  of  particles  already  overstrained  by 
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internal  stresses.  When  a  firm  hold  Ls  obtained,  tlie  line  becomes  neai'ly 
straight,  and  the  amonnt  of  the  distortion  is  seen  to  be  approximately 
proportional  to  the  distortinj^  force,  and  the  inclination  of  the  line  is 
therefore  a  measure  of  the  stiffness  of  the  material. 

The  point  of  the  line  where  the  reversed  curvature  takes  place  marks 
the  limit  of  elasti(*.ity,  that  is,  the  i>oint  at  which  the  distortion  increases 
suddenly  much  more  rapidly  than  the  api)lied  fore«. 

The  brittle  metals,  in  whi<*h  these  elastic  limits  are  not  reached  before 
fracture,  also  do  not  pve  in  the  torsion  diagram  any  curve  with  reversed 
curvatui'e,  but  the  lines  rise  nearly  straight,  vnth  a  slight  inclination 
from  the  vertical  till  fracture  takes  place. 

Tlie  following  rules  are  of  service  in  interj^retingthe  diagrams: 

(1)  To  detennim  the  homogeueoriHnesH  of  the  materiaL 

Examine  the  form  of  the  initial  portion  of  the  diagram  between  the 
staiting-point  and  the  first  sudden  change  of  direction  which  indicates 
the  elastic  limit.  Notice  also  its  inclination  from  the  vertical  and  com- 
pare with  it  the  inclination  of  the  "elasticity  line." 

A  i>erfectly  straight  line  beneath  the  elastic-limit,  peift^ctly  ])arallel  with 
the  '*  elasticity  line,"  shows  the  material  to  be  homogetieoM  an  to  strain ; 
?.  <?.,  to  be  free  frimi  internal  strains  such  a^s  are  ])roduced  by  irregular 
and  rapid  cooling  or  by  working  too  cold.  Any  variation  from  this  line 
indicates  the  existence  and  measures  the  amcmnt  of  strain.  A  line  con- 
siderably curve<l  exhibits  the  existence  of  such  strain. 

Xext  examine  the  form  of  the  ciu-ve  imme<liately  after  ])a8sing  the 
elastic-limit. 

A  line  rising  from  the  elastic  limit  regularly  and  smoothly,  approxi- 
mately parabolic  in  form,  and  concave  toward  the  base  line,  indicates 
homogeneoKsness  to  stnicture  and  the  absence  of  such  imperfections  as  are 
j)roduced  in  wrought  iron  by  cinder,  or  in  ciist  metals  which  have  been 
worked  from  ingots,  by  porosity  of  the  ingot. 

A  line  turning  tlie  comer  sharply  when  passing  the  elastic  limit  and 
then  running  nearly  or  quite  horizontal,  as  in  irons  usually  and  in  low 
steel,  or  actually  becoming  c<mvex  towaixi  the  base-line,  as  with  some  of 
the  woods,  and  then  atler  a  time  resuming  upward  movement  by  taking 
its  proper  parabolic  path,  indicates  a  decided  want  of  this  kind  of  homo- 
geneity. The  relative  length  of  the  depressed  ])ortion  of  the  line,  and 
the  amount  of  dei)ression,  measure  the  relative  defectiveness  of  materials 
compared  in  this  respect. 

Finally  compare  the  diagrams  i)roduced  by  several  specimens  of  tlie 
same  kind  of  material  or  from  the  same  mass. 

llomogeneousness  in  general  character  and  Jtotnogeneousness  in  composi- 
tion are  proven  by  the  precise  similarity  of  these  diagrams,  whUe  a 
greater  or  less  variation  of  the  curves  compared  indicates  a  giH)ater  or 
less  difference  in  the  specimens  of  which  they  are  autographs. 

Materials  should  usually  exhibit  great  homogeneousness  in  all  these 
three  ways  to  be  perfectly  reliable.  Perfect  homogeneousness  is  not  to 
he  expected  in  either  respect. 

(2)  To  determine  the  elastic  resistance  of  the  specimen. 

Measure  the  height  of  the  curve  at  the  ehistic  limit,  using  the  scale  of 
torsion,  or  for  tension,  which  is  given  for  each  machine  and  tor  each 
standard  -size  of  test-piece. 

(3)  To  determine  the  resistance  offered  to  any  given  amount  of  extension 
or  that  producing  a  given  set. 

Measure  the  height  of  the  curve  at  the  ]>oint  whose  distance  fit)m  the 
origin  mejisures  the  assumed  degree  of  set. 

(4)  To  determine  the  ultimate  re^sistance  of  the  materiaL 
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Mea.8iire  in  a  similar  manner  the  maximum  height  of  the  curve. 

(."))  To  determhie  tlie  reftilience  of  the  piece  within  the  elastic  limit,  i.  e., 
t\w  work  required  to  produce  an  evident  and  permanent  set,  approxi- 
mately proportional  in  amount  to  the  de<jree  of  change  of  form  of  the 
specimen,  (This  quantity  measures  t}ie  power  of  tlie  material  to  resist 
blom,  aud  its  determination  is  evidently  quite  as  important  as  that  of 
resistance  to  simple  stress,  which  latter  forms  one  of  the  factors  of  the 
fonner.) 

Measure  the  area  comprised  between  the  ordinate  of  the  curve  at  the 
elastic-limit  and  the  initial  part  of  the  curve.  This  quantity  is  propor- 
tional to  the  required  value. 

[())  To  determine  the  resilience  of  the  material  within  any  assum'iil  limit 
of  extension,  i.  e.,  the  magnitude  of  blow  required  to  produce  a  given  set. 

Measure  the  area  of  the  curve  up  to  the  assumed  limit. 

(7)  To  determine  the  totul  resilience  or  shock-resisting  power  of  the 
material. 

Measure  the  total  area  of  the  diagram. 

For  ductile  meta,ls  an  approximate  value  is  obtained  by  taking  two- 
thirds  the  product  of  the  maximum  tenacity  by  the  maximum  extension. 
For  hard  and  very  brittle  materials  one-half  the  same  product  gives  very 
acciuutely  its  values.  For  intermediate  qualities  the  true  value  is  more 
nearly  two-thirds  this  product;  also  Swedish  wrought  iron,  white  ca^st 
iron  and  hardened  steel,  illustrate  the  first  and  the  secolid  classes;  ordi- 
nar>-  tool-steels  are  examjiles  of  the  third  cla^s. 

(8)  To  determine  the  effect  of  a  load  giren  in  pounds  per  square  inch  of 
ntress. 

Find  a  point  in  the  curve  having  an  altitude  which  measures  the  given 
stress,  the  abscissa  of  that  point  measures  the  extension  under  that  load. 

In  other  words,  a  point  being  found  in  the  curve,  the  height  of  which 
above  the  base-line  is  equal  to  the  load  per  square  inch,  its  horizontal 
distance  from  the  origin  measures  the  extension  of  the  nmterial  as  pro- 
duced bv  that  stress. 

In  calculating  the  torsional  moments  from  the  diagrams  the  scale  used 
was  the  following,  the  lOO-pound  weight  being  used  on  the  arm : 

^S' ml:nr"  !  =  t("-^-  «f  onlinatexl  17.44.) +  ll.a-.6]. 
For  resilience  the  following  scale  was  used : 

Resilience,  in  foot-i>ounds  of  work  =  (area  of  diagi^am  in  scpuire  inches 
X  20.4J)C)  +  (maximum  abscissa  in  inches  x  1.803). 

These  scales  were  detennined  by  careful  exi>eriment  and  measurement 
upon  the  machine  used  in  the  tests  (*'  Standard"  miichine  No.  7,  Stevens 
iBstitiite  of  Technology). 

On  comparing  the  autographic  strain-diagrams  of  the  torsion  tests 
with  the  curves  of  tests  by  transvei'se  and  tensile  vstresvses,  made  by  plot- 
ting the  figures  of  the  records  of  the  latter,  Plate  VIII,  it  will  be  seen 
that  with  e.ach  bar  there  is  a  very  marked  similarity  in  the  8haj)e  of  its 
curves  produced  bj'  each  of  the  three  methods  of  test.  The  ductile  ma- 
terials, by  either  method  of  test,  give  curves  which  become  nearly  par- 
allel to  the  axis  of  the  abscissas  long  before  fracture,  while  the  brittle 
materials  give  cui'ves  in  which  the  reversed  curve,  concave  to  the  axis  of 
abscissas,  never  takes  place. 

In  testing  the  torsion  pieces  of  all  bars  from  No.  1  fall  copi>er)  to  No, 
S  (76.64  copper,  23.24  tin)  inclusive,  the  weight  on  tlie  end  of  the  arm 
of  the  torsion  miu^bine  was  100  pounds.  In  testing  all  the  remaining 
inetaLs  the  weight  was  either  wholly  removed  and  the  weight  of  the  arm 
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alone  ftiriiisbed  the  distorting  and  breaking  force,  or  a  weight  of  30 
poundvS  was  substituted  for  the  100  pounds.  In  calculating  the  strength 
and  the  resilience  from  the  diagrams,  the  ordinates  of  the  ciu^^e  are  mul- 
tiplied by  a  greater  or  less  factor  according  as  the  greater  or  less  weight 
w^as  used  on  the  arm.  The  ductility  of  the  material  is  measured  by  the 
angle  of  torsion  and  is  independent  of  the  weight  used. 

In  addition  to  the  diagrams,  tables  are  appended  giving  the  results  (»f 
the  cah'ulations  made  from  them,  viz,  the  area  of  the  diagram,  with  the 
resilience  calculated  th'ereti'om ;  the  maximum  ordinate,  with  its  corre- 
spon<liiig  maximum  torsional  moment,  which  is  approximately  x)ix)por- 
tional  to  the  tensile  strength  of  the  material ;  the  ordinate  at  the  elastic 
limit,  with  its  coiTesponding  torsional  moment,  which  is  also  approxi- 
mately i>roi)ortional  to  the  tensile  strength  at  tlie  elastic  Ihnit ;  and  the 
angle  of  torsion,  and  the  extension  in  parts  of  its  original  length  of  an 
ext(^iior  liber  or  line  of  particles  on  the  surface  of  the  cylindrical  portion 
of  tlie  tcv^t-piece,  which  is  calculated  from  the  angle  of  torsion  and  is 
directly  proportional  to  the  ductility. 

From  the  appended  tables,  in  which  are  given  the  residts  of  the  cal- 
culations of  the  autograi)hic  diagram  of  each  test-i)iece,  a  (•ondensiMl 
table  has  been  made,  which  is  given  below,  which  gives  the  a rtjrrt^e  of 
results  of  the  several  test-pieces  from  each  bar.  In  nmking  the  averages, 
those  tests  whic'h.are  evidently  unsatisfactory,  frcmi  the  presence  of  large 
blow-holes  in  the  center  of  the  test-sj)ecimen,  are  rejected.  In  the  tables 
at  the  end  of  the  report  the  tests  wl^ch  ai-e  rejected  are  indicated. 


Table  IV.— Tests  by  Torsional  Stress — Averages  of  results  calculated  from 

THE  AUTOGRAPHIC  STRAIN -DLAGRAMS. 
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NOTES  ON  THE  TESTS  BY  TORSION. 

KefeiTiii^  to  the  aboxe  table,  it  will  Ik? seen  that  the  rebitive  strenjitb 
and  ductility  of  the  various  bars  in  the  series,  as  found  by  the  test«  b\ 
torsional  stress,  agree  closely  with  the  tests  of  the  same  bars  by  trans- 
verse and  tensile  stress.  Tlie  copper  bar  No.  30  shows  much  great4^r 
sti-ength  and  ductility  than  No.  1,  as  would  beexpect(^d  from  the  spon<»y 
structure  of  the  latter. 

There  is  a  regular  increase  of  strength  in  the  seri(\s  to  No.  7  (S0.9."V 
copper,  18.84  tin),  as  shown  by  the  other  tests.  The  strength  then 
mpidly  decreases  to  No.  12  ((]2.^U  copper,  IMMi)  tin),  the  weakest  of  tin* 
series.  The  same  general  weakness  and  iiTeguUirity  are  observed  in  the 
bars  from  No.  12  to  No.  20  (25.85  copper,  73.80  tin),  as  was  shown  in  tlic 
tests  by  tensile  and  transverse  stress.  The  second  maxiiunm  ])oint  of 
strengtli  is  again  given  by  No.  21  (23.35  copper,  70.21)  tin),  from  whicli 
point  the  strength  regularly  decreases  to  No.  20  (all  tin).  The  curves 
of  strength  of  the  series  by  tensile  and  tcu'sional  stresses  (Plate  VI 11) 
show  the  close  agreement  of  the  results  of  the  two  kinds  of  test. 

deferring  to  the  autographic  strain-diagrams  of  the  tests  by  torsion 
(Plates  XXri  to  LXXVl)  and  to  the  tables  of  results  calculated  from 
the  diagnim  of  each  piece,  the  following  observations  may  be  noted  : 

Nos.  1  A,  1  C,  1  D,  Plate  XXII  (cast  copper).  All  of  the  pieces  were 
full  of  blow-holes,  and  the  rcvsults  are  of  no  value  except  to  show  the 
worthlessness  of  this  metal  as  ordinarilv  cast.  For  the  standard  tests  of 
cast  copper  see  No.  30. 

No.  2,  Plates  XXII,  XXIII.  XXIV  (07.80  copper,  1.00  tin).— The  pieces 
marked  A  and  B  were  sound  and  gave  good  residts.  Pie(?^s  V  and  I ) 
contained  sevenil  blow-holes,  and  are  rejected  in  the  averages  as  defect- 
ive. The  facts  that  two  of  these  pieces  Mere  stronger  than  the  others, 
and  that  the  weaker  pieces  were  taken  from  the  middle  portion  of  the 
bar  show  the  cause  of  the  defe-ctive  transverse  strength,  and  show  also 
that  the  defects  in  some  of  the  bars  were  local  and  did  not  extend 
throughout  the  whole  length.  The  pieces  A  and  B  show  a  high  de  gree 
of  ductility,  the  total  angles  through  which  they  were  t>>'isted  before 
rupture  Inking  206  and  330  degrees  respectively. 

No.  3,  Plates XXV, XX VI, XX VII,  XXVIll  (06.06 copper,  3.76  tin).— 
The  four  pie(»es  tested  give  results  varying  from  128  to  181  foot-pounds 
of  torsional  moment.  The  ai)pearance  of  the  fractures  does  not  indicati*? 
the  I'eason  of  the  variation.  The  stix)ngest  piece  had  the  gi*eatest  duc- 
tility, and  the  next  to  the  strongest  had  the  least  ductility. 

No.  4,  Plates  XXVIII,  XXIX  (02.11  copper,  7.80  tin).— The  pieces 
taken  from  the  ends  of  the  bar,  marked  A  and  B,  gave  the  same  strength, 
viz,  175  foot-i)ounds  of  moment,  while  the  pieces  from  the  middle  of 
the  bar  nuirked  (/  and  D,  gave  only  140  and  140  foot-pounds  resjiect- 
ively.  The  ductility  varied  in  the  same  direction  as  the  strength,  the. 
])iece8  from  the  ends  having  extensions  about  twice  as  greiit  a^s  piec(*s 
from  the  middle. 

No.  5,  Plat«  XXX  (00.27  copper,  0.58  tin).— Both  pieces  from  the* 
lower  half  of  the  bar  were  defective.  The  piece  marked  B  had  a  large 
cavity,  about  one  inch  long  and  nearly  half  an  inch  in  diameter.  The 
existence  of  this  cavity  was  unsuspected  before  the  test  was  made.  The 
piece  marked  D  had  several  small  blow-holes,  and  a  peculiar  dark  color*, 
as  if  oxidized,  sinular  to  that  which  has  been  noted  under  the  tensile 
tests  of  this  bar.  The  i>ieces  A  and  C  wei'e  sound,  and  gave  results 
nearly  agreeing  with  each  other. 

No.  6,  Plate  XXXI  (87.15  copper,  12.73  tin).— The  torsional  strengths  oi 
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the  four  spwies  vnrie<l  ft-oiii  i;i4  to  1S2  foot-imuntU.  The  fi-actiires  show 
the  vaiiiv.  of  the  diftefeiice.  Tlie  fitMitiu^^H  of  pieces  from  the  upi>er  half 
of  tlic  biir,  A  aud  i',  show  the  same  m-pai-atioii  of  inettils  which  has  been 
Teniarkod  u]>oii  in  the  truusverse  test  of  this  bar.  Thei'e  are  two  distinct 
<-x>lors,  golden-yellow  and  Hitver-white,  iiiiugltMl  tlironghoiit  the  surface 
of  fracture,  showing  liquation  of  the  metal  into  two  distinct  alloys.  The 
]iiece  marked  I),  fn)ni  the  upiter  end  of  the  lower  half  of  the  bar,  also 
Mhoweil  this  ^^eptniition,  but  in  »  much  less  degive,  or  rather,  the  inter- 
mixture of  tbe  two  <-4)lors  was  nnich  closer  and  tlner,  so  that  a  close  in- 
Hi>eetinn  was  ituguired  in  artier  to  recognize  it.  The  fracture  was  some- 
what similar  to  tlutt  of  the  tensictu  test-piece,  No.  6  It.  In  the  torsion 
|tiece,  from  the  hiwer  end  of  the  bar  No.  H  B,  ]i<fuation  was  not  observa- 
hle,  anil  the  fiiwtiiiv  apjieared  «|uite  lH»nio{|;eu(ioiis,  and  of  a  uniform 
^i)lden-yelli»w  color,  siniilai-  to  that  of  No, .'»  A  or  ('.  As  might  he  e.\- 
]>ecte<i,  this  piece  was  tlie  stningest  of  the  four,  its  maximum  toritional 
moment  beiuji  lS:i  foot-jHuinds,  while  those  of  tlie  pieces  A,  C,  and  D  were 
145,  144,  and  l.'U  fiKit-iHuinds  n-sitectivelj'. 

T!ie  ductility  of  this  piece  (So.  tJ  U)  was alxo  considerably  greater  than 
that  of  either  of  the  otheis.  The  shapes  of  the  siu-faccs  of  fracture  by 
torsional  stiCMs  of  the  t<)in'  piet^s  uIho  illnstnite  in  a  marked  degree 
their  dillcivnces  of  iintpei-ties.  The  pieces  A  and  i'  have  the  irregular 
iliagonal  cu'  conoidal  fi-mrtni'e  which  is  ehiu-iu;teristic  of  all  brittle  metaJs 
and  of  those  having  only  a  limited  amount  of  diu-tihty,su<'h  as  cast  iron 
(Fig.  tf),  while  tlie  fra4;ture  of  piece  B  is  neatly  smooth,  and  lies  iu  a  plane 
perjiendienlar  to  the  axis  of  the  sjiocimen. 


Fig.  9.  Fix.  10. 

Tlds  fracture  is  charaeteriMtic  of  wrought  iron  (Fig,  (10),  and  of  all 
inetjUa  which  are  similarly  ductile.  The  fracture  of  the  piece  marked 
1>  was  partly  diagonal  and  partly  perpendicular  to  the  a.\is,  showing 
i\  atructure  with  a  ehaj'aeter  between  those  of  pieces  A  and  B, 

The  analyses  of  the  turuings  from  the  upper  and  lower  halves  of  the 
l>ar  do  not  show  any  variation  in  composition  which  can  account  for  the 
variation  in  stnictiu«  or  in  strength.  The  composition  of  the  original 
mixture  was  8ti,57  copper,  13.43  tin,  and  the  aiialyses  gave  for  the  upper 
half  of  the  bar  87,1.5  copper,  12.6i)tin,  and  for  the  lower  half  87.15  copper, 
12.77  tin.  The  difference  in  structure  is  possibly  accounted  for  by  the 
more  rapid  cooling  of  the  metal  at  the  lower  end  of  the  mold,  which  cool- 
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iii^  would  lirevent  a  separation  of  the  metals,  or  it  may  be  that  the  greater 
])iv,ssure  suatainecl  by  the  molt^^ii  metal  at  the  bottom  of  the  mold  i^re- 
A'ented  such  separation  and  rendered  the  metal  more  ciompaet. 

The  liquation  which  is  observ^ed  in  this  bar  appears  to  be  of  a  differ- 
ent character  ftoni  that  of  bars  Nos.  14  and  17,  in  which  the  upi)er  end 
of  the  bar  contained  more  co[>i)er  and  the  lower  end  more  tin.  The  vari- 
ation of  cx>mposition  between  the  upper  and  lower  halves  of  bar  No.  14 
was  as  great  i\s  24  iwr  cent,  and  from  the  api)earanc^  of  the  metal  in 
different  poitions  of  this  bar,  it  was  evident  that  the  per(»entage  of  cop- 
per increased  gradually  from  the  bottom  to  the  top,  and  in  no  part  of 
the  bar  was  there  any  appearam'e  of  a  mottled  mixture  of  two  colors,  as 
in  bar  No.  0. 

The  tests  by  transverse  stress  showed  that  bar  No.  0  had  a  much  less 
transverse  strength  than  either  No.  5  or  No.  7,  and  if  introdu(5ed  in  the 
curve  of  tests  by  transverse  stress,  would  make  a  break  in  its  regularity. 
The  liact  that  the  torsion  piece,  No.  6  B,  of  the  same  composititm  as  the 
other  pieces  from  the  bar,  had  such  a  difference  in  structure,  <;olor, 
strength,  and  ductility,  shows  that  the  weakness  of  the  bar,  as  tested  by 
transi'erse  stress,  is  not  a  nei*essary  accompaniment  of  its  (composition, 
and  it,  no  doubt,  would  have  given  much  higher  results  if  the  whole  bar 
ha<l  been  cooled  in  exactly  the  same  manner  and  subjected  to  the  same 
pressure  as  the  bottom  of  the  bar. 

In  compiling  the  table  of  average  results  of  torsion  tests  given  above, 
the  results  of  the  tests  of  the  pieces  A,  C,and  1)  are  rejected  as  defective, 
and  the  piece  B  is  considered  the  only  soiuul  i)iece  fn>m  the  bar. 

The  curve  ])lotted  from  this  table  (Plate  III)  then  shows  a  regular  in- 
c'l-eawe  from  No.  1  to  No.  7  (all  co])per  to  80.95  copper,  18.84  tin),  without 
any  such  break  as  it  would  have  if  the  three  pieces  fi'om  the  upper  por- 
tion of  bar  No.  6  were  admitted  in  the  aAcrages. 

No.  7,PlateXXXlI  (80.95  copper,  18.84  tin).— The  piece  from  the  lower 
end  of  the  bar  No.  7  B  was  found,  upon  testing,  to  contain  a  large 
cavity,  similar  to  that  in  No.  5  B.  The  result  of  the  test  of  this  ]>iece  ir 
therefore  omitted  from  the  averages.  The  other  pieees.  A,  0,  and  D,  were 
sound  and  gave  good  results,  and  agi^e  with  the  transverse  and  tensile 
tests  in  showing  the  bar  to  be  the  strongest  of  the  series,  but  as  hjiv- 
ing  verv  little  ductility. 

No.  8,  Plate  XXXII  (76.64  copper,  23.24  tin).— The  four  pieces  all 
gave  good  results.  By  inspection  of  the  diagrams  of  these  pieces,  it  will 
be  observed  that  the  elastic  limit  was  not  reached  till  frac;ture  took  place, 
as  each  diagram  is  nearly  a  straight  line,  slighly  inclined  from  the  verti- 
cal instead  of  being  a  cur\'ed  line  gradually  approaching  the  horizontal, 
such  as  was  given  by  all  the  more  ductile  pieces.  These  diagrams  cor- 
respond with,  the  c!irves  plotted  fix)m  the  results  of  the  transverse  tests 
(Plate  XVI),  which  also  are  nearly  straight  lines  from  the  begmning 
of  stress  to  the  point  of  fractui'e,  and  fail  to  show  an  elastic  limit,  frac- 
ture apparently  occurring  before  passing  that  limit.  This  comi>osition, 
thongh  somewhat  hard  and  brittle,  works  very  well  in  the  lathe  or 
planer. 

The  composition  75.00  copper,  25.00  tin  is  used  by  the  Messrs.  Perkins 
for  the  piston-rings  of  their  high-pressure  steam-engines  without  lubri- 
cation. 

No.  9  to  No.  17,  Plates  XXXII,  XXXIII,  XXXIV  (29.89  to  57.30  tin).— 
The  bars  No.  9  to  No.  17  inclusive  were  so  very  hard  that  it  was  impos- 
sible to  turn  torsion  pieces  in  the  lathe  to  standard  size  without  risk  of 
breaking  them.  They  were  therefore  only  turned  to  cylindrical  form, 
with  diameters  varying  from  0.890  to  0.970  inch.     Many  of  the  pieces 
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broke  in  the  lathe  even  before  the  cylindrical  form  was  reached,  and 
thus,  in  many  cases,  only  one  or  two  pieces  could  be  obtsiined  from  a 
bar.  A  few  of  the  piec4^s,  Nas.  9,  10,  11,  and  12,  could  not  be  cut  at  all 
with  the  hardest  steel  tool,  and  were  ground  on  a  small  emery  wheel. 

On  account  of  the  ^reat  lack  of  strength  of  these  pieces,  the  lOO-pound 
weij^ht  was  removed  from  the  arm  of  the  machine,  and  the  weij^bt  of 
the  arm  alone,  or,  in  some  cases  with  a  .'50-pound  weight  attached, 
wa,s  used  to  measure  the  resistance.  The  diagrams  of  strain  of  all  these 
pieces  are  similar  in  (character,  beinj^  almost  straioht  lines,  very  neaily 
vertical,  and  showing  no  elastic  limit  or  iK>int  of  change  of  dire<'tion  of 
the  line  towards  the  horizontal. 

The  torsional  moments  of  the  piect\s,  whose  dianu^ters  are  larger  tbau 
the  standard  vsize  (0.025  inch),  were  reduced  to  the  e<iuivalent  moments 
of  pieces  of  standard  size  by  dividing  them  by  the  ratio  of  the  cubes  of 
the  diameters  of  the  ])ie(*es  to  the  cube  of  0.02.>,  since  the  resistances  to 
ruptiu'e  by  torsion  of  pieces  of  different  <liameters  vary  as  the  cubes  of 
the  diameters.  Thus  reduced,  the  maximum  torsional  moment*?!  of  these 
pieces  range  from  7.00  to  20.00  foot-pounds ;  or  they  were  nearly  from 
j^  to  i  as  strong  as  the  strongest  i)iece  tested.  No.  7C. 

The  resiliences,  i,  e.,  the  amounts  of  energy  expended  or  work  done  in 
producing  the  rupture  of  these  brittle  pieces,  are  not  reduced  to  the 
equivalents  of  pieces  of  standard  size,  since  the  relation  between  the 
diameters  and  resilience  was  undetermined.  The  figures  of  resiliem-e 
which  are  given  in  the  tables  do  not  re])resent  the  mmluli,  but  are  the 
absolute  resiliences  of  the  pieces  tested.  Tlie  resilience  re<luced  to  a 
modulus  for  the  standard  diameter  would  be  much  smaller. 

The  enormous  ditference  in  resilience  between  these  brittle  si)eciineiis 
and  those  more  ductile  is  .seen,  even  without  reducing  them  to  a  comuioii 
standard. 

The  resiliences  of  the  brittle  i)ieces  of  large  diameters  vary  li-om  O.U> 
to  0.02  foot-pounds,  while  that  of  No.  3  A,  the  most  resilient  piece  of 
stiuulard  size,  is  9»3().50  foot-pounds. 

No.  18,  Plate  XXXI V  (38.37  copper,  01.32  tin).— Tliree  torsion  pieces 
were  obtained  from  tliis  bar,  of  which  two  were  turned  to  the  standanl 
size.  The  diagi^ams  show  the  same  distinguishing  characteri»stics  as 
those  of  Nos.  0  and  1 7,  except  that  a  slightly  greater  inclination  from 
the  vertical  is  to  be  noted,  indicating  less  stifiiiess. 

No.  19,  Plate  XXXIV  (34.22  copper,  65.80  tin).— Tliree  torsion  pieces 
were  tested  which  gave  the  charac^teristic  diagrams  of  weak  and  brittle 
materials,  but  the  piece  marked  B  was  nearly  three  times  as  sti'oug  a<* 
the  pieces  marked  A  and  D.  This  is  readily  accountetl  for  on  examining 
the  appearance  of  the  fracture.  It  was  coarsely  granular,  while  the 
fractures  of  the  pieces  A  and  D  were  coarse  and  laminated  or  crystal- 
line. This  difference  of  structure  does  not  appear  to  be  due  to  a  dilier- 
ence  of  composition,  but  it  may  be  a  consequence  of  a  difference  in  the 
rate  of  cooling  of  the  ui)per  and  lower  ends  of  the  bar,  or  of  a  difference 
in  i)ressuie  in  the  liquid  metal,  such  as  has  been  observed  in  the  notcn 
on  the  test  of  No.  6  B. 

No.  20,  Plate  XXXIV  (25.^5  <;opper,  73.80  tin).— Four  pieces  wen> 
tested,  which  exhibited  the  same  differences  in  sti-ength  and  in  stnictiue 
that  were  shown  in  No.  19.  The  piece  A  hail  a  large  prismatic  crystal- 
line or  laminated  structure,  and  the  i)iece  gave  a  torsional  moment  of 
only  10.84  foot-pounds.  The  piece  C  had  a  crystalline  stnicture,  but  the 
crystals  were  very  much  smaller,  were  more  confused  and  less  well- 
defined.  The  torsional  moment  was  25.35  fooj-pounds.  The  piece  D  was 
different  from  either,  being  rather  open  and  granular  and  of  a  little 
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darker  color  than  either  of  the  others.  It  was  also  very  weak,  giving  a 
torsional  moment  of  only  12.44  foot-pounds.  The  piece  B  again  cliifei*ed 
from  all  the  others.  It  had  a  very-  close,  fine,  gi*anular  structure,  and  in 
color  similar  to  those  of  A  and  C.  There  was  a  blow-hole  in  the  center 
of  the  specimen,  about  J  inch  long  and  0.15  inch  in  diameter,  but  not- 
withstanding the  blow-hole  it  was  much  the  strongest  of  any  of  the  four 
])ieces,  having  a  torsional  moment  of  35.44  foot-pounds. 

These  ditterences  in  structure  are  not  shown  by  the  analyses  to  be  due 
t<>  Liquation,  as  there  is  but  little  difference  in  composition  of  turnings 
fn»m  different  portions  of  the  bar,  and  similar  appearances  of  color  and 
stnu^ture  are  observed  in  pieces  which  are  kjiown  to  vary  in  composition 
as  much  as  10  per  cent.  In  the  grayish-white  alloys  the  prismatic  crys- 
talline structure  is  usually  found  in  the  upi)er  portion  of  the  bar,  and  it 
is  always  accompanied  by  deficiency  in  sti-ength.  It  is  perhaps  due  to 
slow  rate  of  cooling,  or  to  lighter  pressure  than  is  sustained  by  the 
metal  at  the  bottom  of  the  mold. 

No.  21,  Plate  XXXI V  (23.35  copper,  76.29  tin)  had  a  (tavity  extending 
through  its  wfiole  length  exc^^pt  five  inches  of  the  upi)er  end.  A  torsion 
piec^  could  only  be  obtained,  therefoi-e,  trom  this  upper  portion.  It  ex- 
hibited a  torsional  resistance  of  41.50  foot-pounds,  which  is  great4*r  than 
that  of  any  pie<5e  from  No.  9  (69.84  copi)er,  29.89  tin)  to  No.  29  (aU  tin). 
This  gives  a  second  maximum  ])oint  of  strength  in  the  series,  and  one 
corresponding  to  those  obtained  by  tensile  and  transverse  stress.  The 
structure  was  similar  to  that  of  the  piece  No.  20  B, 

No.  22,  Plate  XXXIV  (20.25  copper,  79.63  tin).— Four  pieces  were 
tested,  shoeing  resistances  vaiying  trom  12.24  to  33.43  foot-pounds  of 
torsional  moment.  The  fractures  were  all  ccmfusedly  crystalluie,  showing 
some  differences  in  structure,  which  may  account  for  their  differences  in 
strength.  The  strongest  piece,  No.  22  B,  had  an  angle  of  torsion  of  10 
degrees,  which  is  greater  than  that  of  any  i>iece  between  No.  8  and  No. 
22,  and  marks  the  beginning  of  the  ductile  si)ecimens  at  the  latter  end  of 
the  series.  From  No.  22  there  is  a  regular  increase  of  ductility  to  No. 
29  (all  tin),  which  is  the  most  ductile  of  the  series. 

No.  23,  Plate  XXXV  (15.08  chopper,  84.(52  tin).— Three  pieces  were 
tested,  which  gave  diagrams  nearly  similar,  the  strength  ranging  from 
20.31  to  26.36  foot-pounds,  and  the  angles  of  torsion  from  22  to  26.5 
degrees.  As  shown  by  the  diagrams,  each  piece  twisted  through  several 
degi'ees  after  reaching  its  maximum  resistanC/C,  the  la«t  portion  of  the 
diagram  being  a  horizontal  straight  line.  This  appears  to  be  a  peculiMity 
of  tlie  more  ductile  white  alloys.  The  yellow  ductile  metals  do  not  usually 
reach  their  maximum  resistances  till  nearly  at  the  point  of  fracture. 

No.  24,  Plates  XXXV,  XXXVI  (11.49  copi)er,  88.47  tin).— Four  pieces 
wefe  tested,  giving  torsional  moments  from  21.32  to  25.35  foot-pounds. 
Great  differences  in  ductility  were  observed  among  these  pieces.  No.  24 
A  having  an  angle  of  torsion  of  16  degrees  and  No.  24  C  an  angle  of  109 
degrees.  There  was  nothing  in  the  appearance  of  the  fracture  which 
would  indicate  the  cause  of  these  differences. 

No.  25,  Plates  XXXVII,  XXXVIII  (8.57  copper,  91.39  tin).— Four 
pieces  were  tested,  which  gave  diagrams  nearly  similar  in  sha])e.  The 
pieces  A,  C,  and  D  showed  almost  the  same  strengtli,  viz,  21.32,  20.31, 
and  20.91  foot-pounds  respectively,  with  corresponding  angles  of  torsion 
of  15,3,  123,  and  148  degrees.  No.  25  B  had  much  greater  strength,  viz, 
29.39  foot-i)Ounds,  and  a  smaller  angle  of  torsion,  viz,  102  degrees.  Its 
greater  strength  is  partly  accounted  for  by  the  method  of  test.  As 
shown  in  the  diagram,  the  speed  of  the  handle  of  the  machine  wa.s 
increased  in  the  latter  portion  of  the  test,  which  at  once  caused  an  in- 
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creased  resistance,  as  shown  by  the  rise  of  the  diagram.  This  iucrecbse 
of  resistance  to  rapid  motion  uniformly  took  plac^e  in  all  the  white  duc- 
tile alloys,  and  agrees  with  that  which  has  already  been  noted  under  tlie 
transverse  and  tensile  tests.* 

No.  26,  Plates  XXXIX,  XL  (3.72  copper,  9t>.:U  tin).r-Four  pieces 
were  tested,  but  two  are  rejected  from  the  table  of  averages  on  account 
of  the  existence  of  blow-holes,  which  were  found  in  the  center  of  the 
pieces  after  testing  them.  The  remaining  pieces  B  ami  I)  exhibited  re- 
sistances of  19.30  and  26.30  foot-pounds,  and  gave  angles  of  torsion  of  251 
and  190  degwM^s,  respectively.  The  test  of  No.  2ii  1)  was  puq)osely  made 
rapidly,  and  its  increased  resistance  is  thus  accounted  for.  The  increase 
of  resistance  is  apparently  connected  with  a  decrease  of  ductility  in  this 
piece  as  well  as  in  No.  2o  B,  but  in  some  other  tests  of  ductile  metals 
this  did  not  always  seem  to  be  the  oawe. 

No.  27,  Plates  XLI,  XLII,XLII I  (0.74  copper,  99.02  tin).— Four  pieces 
were  tested,  of  which  two,  A  and  D,  are  rejected  from  tlie  averages  on 
account  of  blow -holes.  The  ])ieces  B  and  C  gave  maximum  torsional 
moments  of  17.28  and  19.30  tbot-pounds,  with  angles  of  torsion  of  362 
and  412  degrees,  re8i)ectively.  Refening  to  the  diagram  of  No.  27  C,  it 
win  be  seen  that  its  maximiun  resistance  took  plac«  cmly  at  a  point  where 
there  was  a  rapid  motion  of  the  arm  for  an  instant,  and  tliat  at  every 
other  part  of  the  diagram  the  resistance  was  less  than  that  of  No.  27  B, 
which  was  tested  with  a  uniform  slow  motion.  Although  the  ductility  of 
No.  27  C  is  the  greater,  its  resilience  is  less,  which  shows  that  it  had  a 
slower  mean  resist.ance.  At  different  jKiints  of  this  test  tiie  rate  of  mo- 
tion was  changed,  and  at  times  stopped  entirely.  At  one  time  the  piece 
was  U^ft  under  stress  for  1(J  hours,  and  at  other  time>s  for  the  spacer  of 
10  minutes,  2  minutes,  and  1  minute.  At  eac^h  of  these  rests  the  resist- 
ance of  the  piece  decreased,  as  is  shown  by  the  fall  of  the  diagram.  A 
rise  of  the  diagram  is  seen  to  take  place  witenever  there  is  an  increase 
in  the  rate  of  motion.  This  test  exhibits  in  a  very  marked  degree  the 
influence  upon  ductile  metals  both  of  rapid  and  slow  distortion,  and  of 
decrease  of  resistance  to  static  load  when  left  for  a  length  of  time.f 

No.  28,  Plates  XLIV,  XLV,  XLVI,  XL VII  (0.32  copper,  99.46  tin).— 
Four  pieces  were  tested.  The  test  of  the  piece  A  was  made  with  the 
100-pound  weight  on  the  ann  of  the  machiue,  and  con8e(iuently  the  ordi- 
nate of  the  diagram  became  so  small  that  too  gi*eat  en*or  in  measure- 
ment may  exist,  and  the  test  is  therefore  rejected  trojn  the  averages. 
The  other  three  pieces  were  tested  without  the  weight  on  the  arm,  with  a 
uniform  slow  motion,  and  gave  good  results,  showing  considerable  uni- 
formity, both  in  strength  and  ductility. 

No.  29,  Plates  XLVIII,  XLIX,  L,  LI  (all  tin).— Four  pieces  were 
tested,  the  pieces  A,  B,  and  C  with  ordinary  uniform  slow  motion,  and 
the  piece  I>  with  a  much  slower  motion.  The  latter  piec>e  was  also  left 
under  stress  at  different  times  for  40  and  for  1,  2,  and  4  hoiu^s.  The  first 
three  pieces  showed  great  uniformity,  their  diagrams  be.ing  almost  ex- 
actly similar.  The  latter,  in  consequence  of  the  very  slow  motion, 
exerted  a  much  smaller  resistance,  and,  when  left  under  stress,  a  decrease 
of  resistan(*.e. 

No.  30,  Plates  Lll,  LIII  (all  copper). — Four  pieces  were  tested,  all 
giving  good  diagrams.  The  torsional  moments  vjirie<l  from  127  to  155 
foot-pounds,  and  the  angles  of  torsion  from  105  to  1 77  degrees.  All  these 
tBsts  show  this  bar  of  cop])er  to  bo  an  excellent  piece,  confirming  the 
n^.siilts  of  the  trans v^erse  aii<l  tensile  tests.     Comparing  the  results  of 

*S(»«  papi'i-j*  by  tlui  writer,  Trans.  Am.  Soc.  Civil  Eiigrs.,  1873-76. 
t  See  i)^)!*^  by  the  writer,  &c. 
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the  tests  of  the  t4>r8ion  pieces  of  No.  30  with  those  of  the  other  copper 
piece,  No.  1,  a  very  ^reat  couti*ast  is  seen.  The  torsional  moments  of 
the  latter  were  only  o7  to  75  f(K)t-iMmnds,  and  the  an8:les  of  toreion  only 
26  to  49  de|?rees.  The  fractnres  of  No.  .'^0  were  all  compact  and  homo- 
geneous, while  those  of  No.  I  were  all  fiill  of  blow-holes. 

TKSTS   BY   rOMPUKSSION. 

A  unml)er  of  ]>ieces  were  taken  fivm  the  bi-oken  tension-test  speci- 
mens and  turned  into  small  cylinders  to  be  tested  by  compressive  stress. 
The  size  of  these  pieces  was  very  accunitely  2  inches  in  length  and 
0.625  inch  in  diameter.  The  ends  were  carefully  made  plane  surfaces, 
l>eri>endicnlar  to  the  axis  of  the  cylinder. 

Nos.  11),  25,  20,  27,  and  28,  wei^e  tested  in  a  compi-ession  attachment 
to  the  Riehl6  testing-machine  (Fig.  6,  p.  .'U4),  described  in  connection 
with  the  tensile  tests,  and  the  amounts  of  c^>mpression  were  measured 
by  the  apparatus  (Fig.  13,  p.  348)  used  in  measuring  tensile  eh)ngcitions  in 
the  second  series.  For  these  compression  tests  the  level  was  removed^ 
the  arm  which  supported  the  level  fixed,  and  a  battery  and  signal  connected 
to  determine  the  point  and  instant  of  contact  of  the  end  of  the  nncn>m- 
eter-screw  by  the  passage  of  a  current  of  electricity. 

All  other  tests  were  made  on  the  testing-nmchine,  of  100,000  i)ounds 
capacity,  in  use  by  the  Ortlnance  Bureau,  17.  S.  A.,  at  the  Army  Build- 
ing, New  York  City.  In  this  machine  the  stress  is  applied  by  means  of 
a  lever  oi>erated  by  hand  through  a  system  of  spur-gearing  with  a  screw, 
and  is  measured  by  a  combination  of  levers.  A  similar  machine,  de- 
signed by  Major  Wade,  is  described  in  a  Report  of  Ex])eriments  on 
Metals  for  C'annon,  by  officers  of  the  Ordnance  Department,  U.  S.  A.^ 
1856. 

On  ac4M)unt  of  the  small  lengths  of  the  specimens,  it  was  difficult  in 
this  machine  to  make  direct  measurements  of  the  amountj!)  of  cx>mprei^- 
sion.  An  approximation  to  the  amount  was  derived  ftt>m  noting  the 
number  of  revolutions  of  tlie  handle  necessary  to  produce  a  certain  com- 
pression. 

It  was  found  that  47^  turns  of  the  handle  were  i-equired  to  cause  one 
turn  of  the  screw,  wliich  raised  the  main  lever  of  the  machine.  The  arms 
of  the  lever  were  as  10  to  1,  and  the  pit<;h  of  the  screw  which  elevated 
it  wa«  0.4  iu(;h.  Prom  these  data  it  is  found  that  one  turn  of  the  handle 
should  pixxluce  a  compression  of  the  test  si^etjimen  of  0.000846  inch. 

From  this  is  to  be  subtracted  an  error  due  to  the  spring  or  elasticity 
of  the  machine  itself.  A  close  approximation  to  the  actual  amount  of 
this  error  was  obtained  as  follows : 

Tlie  piece  No.  8  B  was  placed  in  the  machine,  and  after  a  few  hun- 
dred i)ounds  pressure  was  ai>i)lied  f(U'  the  puii)ose  of  taking  up  back- 
lash in  the  gearing,  it  re(|uired  296  turns  of  the  handle  to  i)roduce  a 
stress  of  32,000  pounds.  At  the  same  time  the  distance  between  the 
pressui^-plates  at  the  t^p  and  bottom  of  the  piece,  a,s  measure<l  by  a 
scale  divided  to  y^^  of  an  inch,  was  1.83  inches,  indicating  an  actual 
compression  of  the  piece  of  0,17  inch.  The  calculated  compression,  in- 
cluding the  error,  was  206  turns  x  0.000846  =  0.25041(5  inch.  The  error 
is,  therefore,  0.250416-0.17=0.080416  inch. 

We  may  safely  assume  that  the  error  due  to  the  elasticity  of  the  paits^ 

of  the  machine   is  proportional   to  the  stress,  and  hence     •>»>(i()ir  = 
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O.000D025  is  the  error  of  the  calciilateil  co!iipression«  for  each  poimd  of 
HtresvS. 

This  eoiii|)iirisor)  of  calciihit-oil  with  actual  compressions  was  repeated 
a  fjreit  niiiuber  of  times  witli  nearly  similar  results,  and  the  avera*;:es  of 
the  most  reliable  observatious  jLjave  the  same  figure. 

Table  No.  V,  fi:ivinp:  the  result^s  of  4ill  the  t<^sts  by  compressive  stress, 
is  ajipended.  The  ti^j^ures  *»:iven  in  the  tabh^  as  the  compression  of  the 
]>ieces  t<\ste(l  in  the  testin<?-macliine  of  tlie  Ordnance  Bureau  were  calcu- 
lated from  the  number  of  turns  of  the  handle  reiiuired  to  produce  the 
<M)rresi)(mdin<»:  stress,  in  the  manner  above  stated,  usin<v  the  formula 

C =0.000846  X-0.0000025  P 

where  C  is  the  amount  of  compression  in  inches,  X  the  number  of  turns 
<d*  the  handle,  and  P  the  applied  stress  in  pounds. 

The  following  table,  V,  presents  a  condensed  summary  of  the  results 
#f  thcAse  experiments.  The  results  are  also  combine<l  with  those  of  the 
iMH'^nd  series  in  the  plottel  curves  of  Plate  IV. 

Table  V.— Tbsts  by  Compressivi!:  Stress. 
First  Series,— AUojfB  of  Capper  and  Tin, 
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NOTES  ON  THE  TESTS  BY  COMPRESSION. 


The  more  ductile  allovs,  No.  1  to  No.  7  (all  copper  to  80.95  coi)per,  18.84 
till),  and  No.  23  (15.08  copper,  84.62  tin)  to  No.  30  (all  copper),  weiv  not 
crushed  or  broken  by  any  stress  which  could  be  applied  to  them,  but 
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either  l>eiit  after  8U8tainiiig  a  certain  decree  of  compression,  or  i*etainin<j 
a  vertical  position,  increase<l  in  diameter  as  the  decrease  in  length  took 
l)la<*e,  and  gradually  llattene<l.  Some  of  the  pieces  were  in  this  manner 
compressed  to  less  than  one-half  of  their  oriffiiml  lengths,  the  resistance 
to  fiirther  compression  always  increasing.  AVhen  the  bending  took  place, 
the  piece  under  compressicni  would,  in  some  cases,  take  such  a  i>osition 
an  to  gradually  diminish  in  i-esistance  to  stress,  the  j)ressure-plate8  touch- 
ing only  on  the  edges  of  the  upper  jind  lower  surfaces  of  the  piece. 

The  actual  "crushing  strengths''  of  the  ductile  metals,  therefore,  can- 
not \ye  stated ;  but  for  puri)oses  of  comparison  the  crushing  strength  is 
a»ssume4l  t-o  l)e  that  which  (corresponds  to  a  com])i'ession  of  one-tenth  of 
the  original  length.  In  the  above  table,  therefore,  the  figures  in  the  col- 
umn headed  "  crushing  strengtli "  r<»preseut,  in  the  causes  of  ductile  metals, 
the  loaiLs  per  square  inch  ne<'essary  to  produce  compressions  of  10  per 
cent,  of  the  oiiginal  lengths. 

All  the  brittle  alloys,  and  s<mie  of  those  j)ossessing  certain  limited 
amounts  of  ductility.  No.  8  (Hi.M  copper,  2;i.24  tin)  to  No.  18  {M.'M  cop- 
l»er,  61.32  tin)  in(jlusive,  broke  suddenly  when  their  maximum  resist- 
ances were  reiiched,  and  the  figures  for  their  cnishing  strengths  are, 
therefore,  the  actual  values.  In  these,  the  figures  for  "  total  compression 
prcKluce<l  by  maximimi  load  "  are  the  calculated  compressions  at  the  in- 
Htants  of  the  sudden  breaking.  In  the  ciises  of  the  others,  the  figures  in 
the  s^une  columns  are  the  total  compressions  which  were  actually  giviMi 
to  the  ])ie<*es  without  breaking  them  and  include  the  shortening  of  the 
piece  by  bending,  but  ai'e  not  the  total  amounts  of  com])ressiou  which 
might  have  lK»en  ])nKluce<l  if  the  test  had  been  continued  fiu'ther. 

The  loa<ls  ])er  square  inch,  ])roducing  comj)ressions  of  5  per  cent,  and 
20  |H*r  cent.,  ai^  also  given  in  the  table  for  i)uqK>ses  of  comparison. 

By  ins])e<'tion  of  the  table  and  the  curves  (Plates  IV,  VII),  and  comi)ar- 
ing  the  results  with  those  of  the  transverse,  tensile,  and  torsional  stresses, 
some  imiKU'tsint  facts  ai^e  observed.  Assuming,  as  ali-eaily  stated,  that 
the  cnishing  strength  of  a  ductile  metal  is  the  load  necessary  to  produce? 
a  com]>re.ssion  of  one-tenth  of  the  original  length,  and  that  of  a  brittle 
metal  is  the  loa4la<'tually  causing  fra<*ture,  it  is  seen  that  the  maximum  an<l 
minimum  conqiressive  strengths  are  not  found  in  the  <*ompositions  which 
exliibited  maxinuim  and  minimum  strengths  by  the  other  three  methods 
0  f  t€»^t.  It  has  alrea^ly  been  observed  that  the  ivlative  strengths  of  the 
various  alloys,  {is  shown  by  the  other  three  methods  of  test,  are  similar. 
This  is  not  the  case  with  the  compressive  tests. 

The  maxinunn  crushing  stivngth  is  given  by  No.  0  (()9.84  copper, 
29.89  tin),  whicii  gave  results  mucli  nearer  the  mininuim  under  the  other 
forms  of  t€*st.  The  minimum  crushing  strength  is  found  in  tin,  which 
was  sui)erior  tx)  several  of  the  brittle  alloys  in  other  methods  of  test,  and 
which  alloys  gi*eatly  suq)asse<l  it  in  tests  by  conqu'ession.  It  ai)i>ears 
that  the  resistan(*e  to  compression  has  an  entirely  different  nature  from 
resistance  to  tension,  and  that  the  tin  (pialities  have  no  api)arent  relation 
to  each  other. 

Tlie  conquvssion  ])ieci»s,  No.  1  (all  copjier)  to  No.  5  (1)0.27  coi)per,  9.58 
tin),  and  No.  'M)  (all  copper),  give  results  very  nearly  alike,  varying  from 
.*V4,U00  to  42,(MK>  iM)unds  ])er  scpiare  inch  to  i)roduce  a  conqucssion  of 
one-tenth  of  the  original  length.  From  No.  0  (87.15  coi)])er,  18.84  tin) 
to  No.  0  (<>9.84  C4q)])er,  29.89  tin)  there  is  a  rapid  increase  up  to  14(),07<) 
pounds  i)er  s(piai'e  inch.  From  tiiis  point  a  (lecrease  tak<\s  place  to  No. 
29  (all  tin).  This  decrease  is  sonunvhat  irregular,  No.  11  (05.*54  c<q)per, 
^4.47  tin)  and  No.  15  (47.01  c<q)i)er,  52.14  tin)  giving  a  cnisjiing  strength 
of  84,747,  and  No.  12  (02.;U  copper,  37.;^)  tin)  only  39.114  pounds.     It 
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would  l>eiie(?os«ary  to  make  a  p'eat<»r  luimlx^r  of  tests  before  atttMiiptiii^ 
to  explain  this  ine^ularity,  but  it  does  not  seem  improbable  that  it  may 
be  a  peculiarity  of  these  compositions,  since  No.  12  Avas  very  different  in 
color  liom  both  No.  11  and  No.  15,  and  had  the  highest  density  of  the 
series,  a  density  much  higher  than  tliat  of  No.  15.  it  may  be  that  an 
alloy  of  nearly  the  coni])osition  of  No.  12  reinesent^  a  second  minimum 
point  of  com])ressive  strength  in  the  curve,  an<l  an  alloy  near  No.  15  may 
give  a  second  maximum  point,  as  No.  21  (2.'5.35  coi)per,  70.29  tin)  gave  a 
second  maximum  by  the  other  tests  and  No.  20  (all  tin)  a  se«*4jud  min- 
imum. It  will  require  further  tests,  however,  to  settle  this  \HA\\t 
definitely. 

The  following  phenomena  were  observtnl  in  connection  with  these 
test«  in  addition  to  those  noted  in  the  tables.  The  behavior  of  the  test- 
pieces  is  clearly  shown  in  the  jdotted  curves,  IMate  XX. 

No.  1  (all  coi)per). — This  i)iece  had  a  few  small  bhiw-holeson  the  turned 
sniface,  but  api)eared  to  be  sounder  than  most  of  the  bar  from  which  it 
was  taken.  It  was  notice<l  to  have  taken  a  scarcely  iH*r(»ei)tible  bend 
when  a  stress  of  20,(MK)  pounds  per  square  ini^h  wa.s  reachetl  after  a  com- 
pression of  0.4  per  cent.  As  the  stress  increased  the  bending  liecame 
more  readily  observable,  and  when  the  piece  was  removed,  after  a  c^)m- 
pression  of  44.8  per  cent.,  it  was  very  considerable.  The  i)iece  had  tlien 
become  much  distoi-ted,  the  bend  taking  a  si)ecial  directicm,  and  the 
diameter  had  increased  to  about  0.77  iiu*h,  varying  slightly  in  different 
jjortions  of  the  length.  The  amount  of  compression  began  to  var>'  more 
rapidly  than  the  stress,  after  a  stress  of  l.*i,000  ])onnds  per  squai*e  inch 
had  been  applied,  showing  a])])arently  an  elastic  limit.  It  is  i)robabh% 
however,  that  this  point  does  not  truly  represent  the  limit  of  elasticity, 
but  was  the  jKunt  at  which  the  bending  commenced,  although  its  effect 
wa«  not  ])erceptible  till  a  nmch  higher  stress  had  beena]>plied,  an<l  that, 
beyond  this  i)oint,  the  figures  under  the  column  headed  *' com])ivssion " 
really  represent  a  shortening  of  the  vertical  distance  between  the  t^nds 
of  the  specimen  by  the  combined  action  of  bending  and  compressive 
stresses. 

No.  1  I)  (cast  copper). — A  second  s])ecimen,  taken  from  the  I)  end  of 
the  bar,  was  subseipiently  tested  in  the  compression  testing  mai*hine.. 
The  results  as  i)lotted  show  a  ciu-xe  similar  to  that  of  the  one  just  notetl, 
but  the  resistances  to  comi)ression  are  uniformly  higher.  The  niaximum 
comi)ression  obtained  was  0.8()7S  inch  under  a  pressure  of  7S,228  pounds 
per  scjUHre  inch.  A  pressure  of  81,487  pounds  i>er  scpiare  inch  was  neoct 
a])plicd,  which  broke  the  specimen  into  three  parts.  Wedge-shape<l 
pieces,  with  l)ases  the  full  diameter  of  the  test-piece,  sc»parated  at  top  and 
l)ott(mi,  the  planes  of  sejmration  inclining  and  meeting  at  the  middle  of 
one  side.     The  three  i)ieces  remained  welded  together  by  the  pre^sui-e. 

No.  2  (97.8.S  coi)per,  1.92  tin). — The  amount  of  compression  was  nearly 
proj^oitional  to  tlie  stress  uj)  to  about  25,0(K)  pounds  ))er  scpuue  inch. 
At  29,000  ])(mnds  i)er  s<piare  in<'h  the  bending  of  the  piece  became  i>er- 
ceptible,  and  at  that  point  a  continuance  of  the  stress  for  alumt  one 
minute  produced  an  evident  increase  of  the  (H)m])ression.  From  29,(HK> 
to  4(),000  ])ounds  the  comi»ression  again  varied  nearly  as  the  stress,  but 
the  ratio  of  comiu'cssion  to  stress  was  much  greater  than  in  the  l)egin- 
ning  of  the  test.  At  40,<KM)  pounds  tlie  piece  had  a  marked  double  curva- 
ture in  one  i)lane,  an(l  a])peared  to  slide  (m  the  invssiire-plates,  so 
that  the  pressure  was  ai)plied  only  on  opj)osite  edges  of  the  ui)i>er  and 
lower  surfaces  of  the  s])ecimen  insttnul  of  evenly  over  the  whole  surface. 
After  this  i)oint  the  resistance  rapidly  decreased,  not  from  any  giving 
way  of  any  libers  of  the  material,  hut  from  the  specimen  tiiking  a  |M>8i- 
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lion  which  was  unfavorabh^  to  resistance  to  stress,  and  bendinp;  then 
tcK)k  i)laee  nqndly  without  any  fiuther  compression.  The  re>sistan<'e  fell 
to  0,00()  pounds  per  square  inch,  when  the  piece  finally  only  touched 
the  pressure-plates  with  the  edges  of  its  ui)per  and  lower  surfaces. 
Tlie  diameter  of  the  specimen  when  removed  had  in(;reasedto  0.71  inch. 

In  the  pU)tted  table  of  curves  (Plate  XX)  the  cui-\'e  of  this  specimen  is 
«een  to  attain  its  maximum  ordinate  at  40,0(M)  pounds  per  scpiare  inch, 
and  after  that  ])oint  to  rapidly  approa(*h  the  axis  of  abscissas.  It  is  to 
be  note<l  in  all  these  tables  and  curves  which  show  a  decrease  of  resist- 
ance after  re^u^hing  a  maximum  that  this  decrease  is  due  to  the  bentling 
of  the  specimen  and  not  U)  de(Tease  of  power  ti)  resist  acrtual  compression. 

No.  *S  (95.90  cx)pper,  3.80  tin). — The  action  of  this  piec^e  under  test  was 
similar  to  that  of  No.  2.  The  comi)ression  was  proixntional  to  the  stress 
up  to  32,000  pounds  per  squai'e  inch.  Bending  first  lK*came  percei)tible 
at  40,000  pounds,  and  so<m  afterwards  a  deci'ease  of  resistaiu^e  took 
place.  The  piece  then  seemed,  tV)r  a  short  time,  to  attain  a  i)osition  in 
which  it  could  ofier  gn»ater  resistance  to  incit>ase<l  stress,  and  the 
maximum  was  reached  at  52,(K)0  ])ounds.  The  resistance  then  decreased 
rapidly  till  the  piece  was  removed.  Its  axis  be(*ame  a  line  of  double 
curvature  like  that  of  No.  2,  and  the  jnece  finally  touched  the  ])ressure- 
plates  only  with  the  edges  of  its  upper  and  lower  surfaces.  When  re- 
moved the  diameter  was  found  to  have  increased  to  0.08  inch. 

No.  4  (92.07  coi)per,  7.70  tin). — This  piece  bent  un<ler  stress  with  a 
double  curve  similar  to  that  of  No.  3.  The  apparent  ela>iti<5  limit  was 
reached  at  26,0(K)  pounds,  and  bending  was  first  observed  at  29,000 
])0unds ;  the  maximimi  resistance  was  rea<ihed  at  84,000  pounds,  after 
which  it  rapidly  decrea^sed  by  leason  of  the  bending.  When  removed, 
the  diameter  was  found  to  be  increased  to  0.73  in(!h. 

No.  5  (90.43  copper,  9.50  tin). — The  compression  was  proportional  to  the 
stresses  only  to  20,000  pounds  ])er  S(iuare  inch  ,but  bendin  g  was  not  observed 
until  32,000  pounds  had  beenreached.  The  bending  took  place  in  one  ])lanej 
giving  a  double  curvature,  and  inci'eased  rapidly,  so  that  the  maximum 
resistance  was  reached  at  01 ,930  pounds  per  square  inch.  The  resistan(?e 
then  decreased  rai>idly  to  13,0(K)  pounds,  when  the  jnece  had  taken  such 
a  i)osition  that  it  ceased  to  resist  further  c^mi)n*ssion,  and  slipi)ed  (mt 
from  between  the  i)lates.  The  diameter  was  t<)und  to  have  increased  to 
0.69  inch. 

No.  6  (87.15  co])per,  12.77  tin). — This  piece  was  taken  from  the  bottom 
of  the  bar,  where  the  metal  was  found  by  the  torsion  tests  to  be  the  most 
homogeneous.  The  jnec^e  bent  in  the  same  manner  as  those  described 
above,  but  in  mldition  to  the  bending,  the  surt'ace  of  the  piece  became 
curiously  distorted,  as  if  small  i)ati*hes  of  the  surfVw^e  were  softer  than 
other  portions,  and  these  resisted  compression  less  than  the  harder  por- 
tions. The  comi)ression  was  proi)ortional  to  the  stress  to  about  30,000 
])ounds  per  square  inch.  Bending  was  first  observed  at  35,(K)0  pounds, 
after  which  the  further  compressions  were  again  proportional  to  the 
stresses,  the  ratio  of  (compression  to  stress  being  greater  than  in  the  first 
piirt  of  the  test.  The  maximum  resistance  was  reaiihed  at  89,000  i)ounds 
l>er  square  in(»h,  after  which  the  resistance  decreased,  by  reason  of  the  beiul- 
ing,  to  32,000  pounds,  when  the  piece  slii)ped  out  from  l)etween  the  i)re8- 
sure-plates.  The  diameter  was  increased  to  0.70  and  0.73  inch  as  meas- 
ured in  different  portions  of  the  length. 

No.  7  (80.99  copper,  18.92  tin). — The  compression  remained  nearly 
proportional  to  the  stress  up  to  about  CO,0(K)  pounds  i>er  square  inch. 
A  very  slight  bending  was  observed  at  about  07,000  pounds,  the  piece 
taking  a  double  curve  in  one  plane.    The  maximum  resistance  was 


310  TESTS    OP   METALS. 

reached  at  103,5(K>  pounds  per  square  inch,  after  which  it  decreased  to 
91,000  pounds.  A  (Tack  then  appeared  on  each  of  the  two  convex  sur- 
faces of  the  dcmble  curve,  and  the  piece  8lip])ed  out  from  between  the 
pre88ure-])late8,  at  the  same  time  crushing  off  small  pieces  of  the  metal 
at  the  edges  of  the  up])er  and  lower  surfaces  which  last  touched  thepress- 
ure-i)late8.    The  diameter  was  increased  to  0.67  inch. 

No.  8  (7(>.()0  coi)per,  23.2.$  tin). — The  compression  was  ]>roi>ortional  to 
the  stress  to  about  91, (KK)  ])ounds  per  s<pmre  inch,  after  which  the  ratio 
of  the  former  to  the  latter  slightly  increased.  A  very  slight  bend  was 
observed  at  107,(MK)  ])ounds.  The  maxinnim  x>i**?sMiire  was  reached  at 
114,(MK>  ])Ouuds,  when  the  piece  suddenly  broke  diagonally  across  the 
middle,  after  a  total  ccmipi^ession  of  9.05  per  cent.  In  bn^aking,  the 
diagonal  surfac^es  slipi)ed  on  one  another  in  such  a  manner  that  they 
became  polished.    The  diameter  was  uniformly  increa»sed  to  O.^M  inch. 

No.  9  ((59.90  coi)per,  29.85  tin). — This  i)iece  in'oved  to  be  the  strongest 
of  the  series,  a  stress  of  140,(570  pounds  ]>er  square  inch  being  required 
to  i)roduce  rupture.  The  comi)ression  remained  nearly  proiK>rtional  to 
the  stress  throughout  the  whole  test.  There  was  no  appearance  of  bend- 
ing, and  the  fracture  took  place  without  any  warning  whatever.  The 
piece  suddenly  broke  into  an  immense  lumiber  of  small  ineces,  the  larg- 
est of  which  was  not  larger  than  a  pea.  A  report  like  a  i)istol-shot  was 
made  as  the  piece  broke.  The  re<*ord  of  the  test  shows  a  calculated 
compression  of  3.50  i)er  cent.  Frcmi  the  nature  of  the  material  it  seems 
possible  that  this  figure  nuiy  be  too  high. 

No.  11  (05.31  coi)i)er,  34.47  tin). — The  comprt^ssions  were  nearly  pro- 
portional to  the  stresses  throughout  the  test.  The  pie<*e  broke  sud- 
denly at  84,747  pounds  i)er  square  inch,  the  ui)per  i)oition  of  the  piece 
flying  into  fragments. 

No.  12  ((>1.83  co])i)er,  37.74  tin). — This  juece  broke  nearly  in  the  same 
manner  as  No.  11,  but  sustained  less  than  one-half  the  amount  of  stress — 
39,000  i>ounds. 

Nos.  10,  13  and  14  were  not  tested,  as  they  broke  in  the  lathe  while 
being  turned. 

No.  15  (47.72  co])per,  51.99  tin). — This  piece  gave  the  same  result  as 
No.  11,  breaking  at  84,747  pounds  per  square  inch.  It  broke  suddenly 
into  several  large  fragments. 

No.  16  (44.(52  copper,  55.15  tin). — This  piece  sustained  a  stress  of  only 
3.5,854  i)ounds  per  square  inch.  The  fracture  took  place  suddenly,  and 
it  appeared  as  if  in  the  upper  end  of  the  specimen  a  cone-shaped  wedge 
was  fonned,  which  s])lit  open  the  metal  on  all  sides,  and  produced  a  ver- 
tical crack  thix)ugh  the  center  of  the  i)iece,  reaching  to  the  bottom. 

No.  17  (38.83  copper,  60.79  tin). — Two  pieces  were  tested  from  this 
bar,  which  gave  similar  results,  breaking  at  39,000  pounds  per  square 
inch.    The  fractures  were  of  the  same  character  as  that  of  No.  16. 

No.  18  (38.37  copper,  61.32  tin). — This  specimen  proved  to  be  much 
weaker  than  any  previously  tested,  breaking  at  29,000  pounds  per 
square  inch.  It  broke  by  wedge-shaped  fragments  flying  off  the  upper 
end.  The  compression  was  proportional  to  the  stress  uj)  to  the  break- 
ing point. 

No.  19  (34.22  coi)per,  65.80  tin). — This  piece  was  even  weaker  than 
No.  18.  It  reached  a  maxinmm  resistance  at  19,500  pouiuls  i)er  square 
inch  after  a  compression  of  1.20  i)er  cent.,  the  (compression  being  proix)r- 
tional  to  the  stress  at  this  i)()int.  The  resistance  to  stress  then  de- 
creased rapidly,  the  ])iece  bulging  out  on  all  sides  about  a  diagonal 
plane  of  fractiue  near  the  middle.  Several  cracks  soon  a]>]>eared  around 
the  i)oint  of  bulging,  and  the  resistance  decreased  to  8,800  x>ounds  per 
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B([uare  inch,  when  the  piece  wa«  removed.  The  total  p^tnpression  wajt 
5.S5  per  ceut.  The  diameters  of  the  ends  of  the  Ri>eciuteii8,  which  were 
ajtpareiitl.v  uot  allettecl  hy  the  bulging  iu  the  middle  of  the  piece,  had 
increased  to  O.KH)  inch. 

Xo.  'M  (25,12  («)pi»er.  74.51  tin). — Thi«  p\et;e  reache<l  a  tnaximTim  re- 
Ristaiice  at  17,iHMI  poaiidK  jht  square  ineb,  the  compression  being  nearly 
proportional  to  the  Htrei4H,  after  which  it  rapidly  deiireaseAl  to  2,JHH) 
ponods.     Diuing  thin  dei-renMt  a  remarkable  phenomenon  wan  obKei'A'ed. 
A  <li agonal  orm^k  ap|)ear(>d  at  the  top  of  the  Kiieeimeii,  rea4;hing1Vninone 
edge  of  the  npjter  Horfwie  to  a  i>()iiit  on  the  cylindncal  Hui'fac«  opi>oHite 
to  this  etlge,  and  alwnt  '^  inch  fhim  the  top.    The  we<lge-sliape<l  piece 
thus  thM;tiu«d  trnm  the  st)eciinen  was  gradually  foixred  along  the  line 
of  ft-acture  till  it  was  nrarly  pushed  off  on  one  side,  but  still  remaiued 
attnehed,  as  if  by  "cold  welding."    "When  this  jwrtly  seiKimted  piece 
first  started  otf  from  the  remainder  of  the  8i>ecinien,  the  larger  part  of 
the  stresM  ap])eare<l  to  be  resisted  by  oidy  a  small  portion  of  the  upper 
surface,  and  the  resistance  consequently  d«rrea«ed  to  2,900  pounds  per 
s«|uare  inch.    This  {wrtion  of  the  u]>])er  surface  was  then  gradually 
llattenetl,  and  so  a]>)>urently  better  titted  to  resist  a  further  amount  of 
ntmpression.    As  the  compression  increasetl  from  6.80  to  25.00  per  cent, 
the  resistance  again  inc-reaswl  from  2,900  to  10,207  iMuinds.     By  this 
time  a  seeontl  hot  mm^h  smaller  wedge  ha4l  been  Ibrewl  off  on  the  side 
op)Hwite  the  larger  one,  and  the  action  above  descrilH-d  was  rei»eated. 
A  large  nnndnr  of  still  snmller  wedge-shai>e<l  pieces  were  then  iwrtially 
<leta(;hMl  ami  surrounded  the  whole  of  the  iipi»er  en<i 
of  the  si>e«;imei(.  After  rea<'.hing  the  second  maximum, 
10,267  iM)nnfls,  tlie  resistance  began  to  decrease  again, 
but  the  s|)e(anien  was  removed  after  a  compression  of 
2S.05  iwr  cent,  with  the  tii-st  we*lge-shai>e<l  juece  still 
attache<l  to  its  upjier  end.    Tlie  diameter  of  the  lower 
IHirtion  of  the  si>ecinien  had  increased  only  to  0.020 
inch  when  it  was  ren>o\'ed.    Fig.  11  shows  the  ap^iear- 
ance  of  this  s]>e4:imen  after  its  removal.  I'lu.  n. 

No.  22  (20.21  copiM-r,  79.02  tin). — The  compressitm  ctmtinned  ne^irly 
pro]K>rtional  to  the  stn'ss  to  about  12,000  iHuuids  i>er  sijimre  iin-h.  At 
about  10,000  ]H>unds  a  l>t>nd  in  -the  s[>e(;imen  was  olkseived,  and  at  the 
same  time  the  ivsistane*-  Ut  stress  de<rreased,  as  further  compression 
tiKjk  pla4'e,  to  7,000  iHuinds.  Tlie  resistnnce  atterwanl  increased  to 
10,400  ])onn<ls  {ler  sqiuirt^  inch,  by  reason,  probubly,  of  the  piece  taking 
a  more  favorable  jtosition  to  resist  b«-uding,  and  then  it  again  decrease<l 
to  1,300  ]iounds,  when  the  piec«  hatl  bent  so  mm^i  that  it  slipped]  out 
.  from  lietweeu  the  pi-essun'-phit^w.  The  bend  took  the  sliajw  of  a  double 
cur\-e  in  one  plane,  and  a  ci-ack  api)eai'e<l  on  eiu'h  of  the  two  convex  sur- 
faces of  the  cur^■e  in  like  manner  an  in  No.  7.  The  diameter  of  tlie 
pie4'«  was  iiK'iva.stHl  to  0.(i5  iin'h. 

No.  'Si  (]i).12  M>p]»er,  84..jrt  tin). — Tliis  piece  Ih'IihvwI  in  a  manner 
Ktimewhat  similar  to  No.  20.  The  compifssion  coutinuctl  nearly  pi-o]ior- 
tional  to  the  stress  till  0,.~)IHI  jiointds  was  i-eturltcd.  The  resistaiu-e  tlien 
de<-reused  to  4,5<>:<  jiniuids.  At  the  same  time  a  Vilight  bulging  took 
plaire  alxmt  half  an  inch  fivmi  the  bottom.  The  bulging  incieasiKl,  and 
the  upjter  jHUtion  of  the  pic<c  apjian'utly  cnisheil  out  the  lower  )K>rtion, 
which  latter  still  remained  attaciied  to  tlie  si)e<-iiiien.  as  did  the  wedge- 
slia]H-d  pieces  in  No.  20.  As  the  coinprcssiiiu  ]ii-i)ceede<l  the  jmrtion  of 
the  incee  alH)ve  the  bulging  (i]qieared  to  obtain  a  In-tter  beaiing,  and 
atter  the  ivsistancc  liad  <h-crcased  ftoin  li,.">l!t  to  4,5f»;{  pounds,  it  again 
increased  gradually  to  9,4")2  luiunds,  the  pice*-  la-ing  tlien  compressed 
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more  than  one-lialf  of  its  orijjinal  loii^U.  The  8hort<3nuig  of  the  piece 
took  ])hi^e  almost  entirely  by  enishiu^  out  jwrtions  at  the  lower  end, 
and  these  portions  remained  attached  to  the  i)iece,  by  what  has  been 
termed  a  sort  of  "cold  weldinjr,"  till  they  were  separated  by  other  pieces 
crowding  them  off.  The  diameter  of  the  upper  end  of  the  specimen  was 
increased  only  to  0.045  inch  (original  diameter  0.G25  inch). 

No.  134  (11.48  coi)per,  88.50  tin).  This  piece  attained  a  resistance  of 
10,104  ]>ounds  per  square  inch  with  a  compression  of  6.94  per  cent., 
when  a  slight  double  (*urve  was  obserA'^ed  and  the  i^esistauce  decreased 
very  slightly.  As  the  compression  was  continued,  the  diameter  of  the 
piece  grailually  inerease<l  thn)ughout  the  whole  length,  and  the  resist- 
ance incre^ised  to  14,000  pounds  i>er  scpiare  inch,  when  the  i>iece  had 
been  compressed  more  than  one-half  of  its  origiiml  length.  There  were 
no  signs  of  any  fracture,  and  the  piece  merely  flattened  out,  oft'ering 
contiiuuUly  gieater  resistance.  The  compression  could  i>robably  have 
been  continued  till  the  piece  flattened  out  to  a  thin  sheet,  if  the  limits 
of  the  maiihine  had  allowed.  When  removed,  the  pi(*ce  wjis  somewhat 
irregular  in  shape,  the  diameters  varying  from  0.85  to  0.88  inch. 

No.  !35  (8.57  copper,  91.30  tin). — A  pressure  of  G5.9  pounds  i>er  square 
inch  compressed  the  si)ecimen  0.1117  inch.  The  load  was  increased  to 
9,778  i)ounds  per  square  inch,  the  ett'ei»t  of  whi<!h  was  to  crack  the  si>eci- 
men  'at  toj)  and  l)ottom,  foniiiiig  wedge-shaped  pieces,  which,  how- 
ever, did  not  become  sei)ar.ited  trom  the  mass.  The  height  of  the  speci- 
men when  i-emoved  from  the  mac^hine  was  1.00  inirhes.  The  section  was 
very  irregular,  somewhat  elliptical  in  form,  and  varying  in  diameter  fi-om 
0.84  to  0.95  inch. 

No.  20  (.*i72  co])i)er,  9().31  tin)  yielded  gradually  to  the  applied  stress. 
At  a  pressmx^  of  0,519  pounds  per  squai^  inch  the  (^omju'e^ssioii  was 
0.0845  inch  ;  the  luessure  was  increased  to  9,778  ]>ounds  i)er  square 
inch  aiul  the  ])iece  was  then  removed.  Its  height  had  been  diminished 
to  1.01  inches.  Its  dianu^ter  vaiied  Irom  0.84  to  0.89  incjh.  The  shai)e 
of  the  specimen  when  removed  from  the  machine  was  oval.  The  wriiikleil 
appearaiu'e  of  the  sides  extending  througlumt  the  height  of  the  test- 
I)iece  wan  an  evidence  of  the  homogeneousiu\ss  of  thealloy.  The  piece 
was  considerably  bent;  the  directions  of  tlie  markings  or  lines  showed 
a  tendency  to  a  wedge-shaped  separation  at  the  top  and  bott4)m.  The 
ductility  of  the  i)iece,  however  was  too  great  to  penuit  fracture  even 
under  such  an  amount  of  comi)ression. 

No.  27  (0.74  coi>])er,  99.02  tin)  oftered  a  somewhat  less  resistance  to 
comju'ession  than  No.  20.  A  i)ressun^  of  0,519  p(mnds  per  s(piare  inch 
comi)ressed  the  piece  0.72(>4  inch.  The  iJressiu-e  was  increaseil  to  9,778 
poun<ls  i>er  s(|uare  inch,  and  the  piece  then  removed.  It«  height  was 
reduced  to  0.95  inch,  and  its  section,  which  was  elliptical  though  irreg- 
idar,  varied  fiom  0.84  to  0.95  inch.  The  a])pearance  of  the  piece  was 
dissimilar  to  both  Nos.  2(J  and  28,  the  sides  being  quite  smooth  insteud 
of  l)eing  wrinkled  all  over  its  surface  a«  was  the  case  with  the  other  two. 

No.  28  (0.32  coppei",  99.4(5  tin)  resembled  No.  20  very  (!los(dy  in  behavior 
and  a])i)earance.  The  siuface  wtus  more  uniformly  wrinkled,  showing 
greater  uniformity  of  i*esistanc/e  to  the  applie<l  stress.  No  crack  ap- 
I)ea.red.  The  compression  luider  a  pressui-e  of  0,519  jioiuids  i)er  s(piare 
inch  was  0.752  inch.  Uiuler  a  prt^ssiu-e  of  9,778  pouiuls  ]>er  square  inch 
the  height  of  the  piece  was  reduced  to  0.98  inc^h.  Its  section  was  slightly 
oval,  with  dianieters  averaging  from  0.87  to  0.89  inch. 

No.  29  (all  tin),  behaved  in  all  respects  like  No.  24,  showing  a  gra<l- 
ually  increasing  resistance  until  the  pieci*  was  removed  with  a  compres- 
sion of  ne.irly  one-half  its  original  length.    The  maximum  resistance, 
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however,  was  much  les«  than  tliat  of  No.  24,  l)ein^  only  7,497  pounds 
per  square  inch.  The  diameters  of  the  piece  after  removal  varied  from 
0.85  to  0.S9  inch,  and  had  a  nearly  elliptical  section. 

No.  30  (all  copper). — ^^Hie  com])ressi(m  continued  nearly  pro|>ortional 
to  the  stress  up  to  about  25,000  pounds  per  scpiare  inch.  A  very  slifjht 
bend  in  a  double  curve  was  then  observ^ed.  The  resistance  increase*!  to 
71,709  pounds  per  square  inch  at  a  (compression  of  32.1  per  cent.,  when 
the  piece  was  removed,  its  diameters  havinjc  increiised  to  0.75  and  0.78 
inch  as  measured  in  various  ])arts  of  its  lenj^th.  The  bend  in  the  piece 
was  but  slight,  and  it  would  ap])arently  have  oftered  increased  resistance 
to  further  compivssiou  indettnitely. 

SECOND  SERIES. 

ALLOYS  OF  COPPER   AND   TIN. 

The  second  series  of  co]>i)er  and  tin  alloys  consisted  of  twenty  bars 
cast  in  the  same  nmnner  as  those  of  the  jweceding:  series.  The  mixtures 
were  ma<le  without  reference  to  the  chemi(»al  equivalents  or  the  atomic 
weights  of  the  metals,  but  were  weighed  in  even  per<*entages,  there 
l)eing  a  constant  difference  of  5  i)er  cent,  between  any  two  adjoining 
bars  in  the  series.  The  first  bar  contained  in  tlie  original  mixture  97.5 
per  cent.  co])i)er  antl  2.5  ])er  cent,  tin ;  the  second,  92.5  copper  and  7.5 
tin,  and  so  on  to  the  twentieth  bar,  which  contained  2.5  per  cent,  cop- 
l)er,  and  97.5  per  cent.  tin.  The  bars  were  numbered  in  regular  order 
from  No,  31  to  No.  50. 

The  following  table  shows  the  percentage  composition  of  the  original 
mixture  of  each  bar,  its  mnan  (M)m])osition  as  subsecpuMitly  determined 
by  analysis  of  turnings  from  ditfeivnt  xxutions  of  the  bar,  and  its  mean 
si>e<^iiic  gravity : 

Tablr  VL— Second  Skkibs— Alliivs  of  Copper  and  Tin. 
Composition  by  Ori/jinal  Mixture  and  Analysis. 


Kiia.b-r. 

CoinponitioD  of  origiual 
mixture. 

Mean  oompoaition  by 
analysis. 

Mean 
spedtlo 

Copper.            Tin. 

97. 5                 2.  5 
9.'.  5                 7.5 
H7  5                 12.5 

Copper. 

99.09 
94.10 
88.40 
82.72 
77.56 
.    72.89 
67.  h7 
63.42 
57.87 
53.46 
47.27 
43.99 
37.10 
30.76 

Tin. 

gravity. 

31 

39 

0.87 
5.43 
11.59 
17.33 
92.25 
98.ft5 
32.  ('9 
37.48 
42.05 
46.54 
52.73 
.*i5.91 
62.90 
69.19 

8.'684 

33 

a  647 

34 

35 

38* 

82.5 
77.5 
7-^.5 
67.  5 
62.5 
.•S7.5 
52.5 
47.5 
42.5 
37  5 
32.5 
27.5 
2-2.5 
17.5 
12.5 
7.5 
2.5 

17.5 
22.5 
27.5 
3-.'.  5 
37.5 
42.5 
47.5 
52.5 
57.5 
6^2.5 
67.5 
72.5 
77.5 
82.5 
S7.5 
92.5 
97.5 

8.792 
a  917 
8.925 

37 

&907 

:« 

a  956 

39 

a  781 

40 

a  643 

41 

8.445 

42 

a  437 

43 

8.101 

44 

7.931 

45 

96. 62              73.  Ifl 

7  915 

AA    

22.10 

16.70 

11.66 

6.05 

2.11 

77.58 
83.23 
88.25 
9:1.77 
97.68 

7.774 

47 

7.690 

ii6 

7.542 

49 

7.419 

50 

7.349 

*  Second  casting ;  first  broke  in  emery  planer. 

The  mixtnres  for  these  alloys  were  carefully  weighed  on  the  balance 
used  in  weighing  out  the  first  series,  and  the  melting  and  casting  were 
conducted  in  the  same  manner.    The  cast  iron  mold  was  used  for  all 
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the  bars,  j)laced  in  a  vertical  iwsition,  and  was  heatM  to  prevent  sudden 
chilling  of  the  molten  metal  while  being  i>oured.  The  mold  was  heated 
to  nearly  red  heat  in  casting  the  alloys  containing  the  larger  percentages 
of  coi)per,  and  the  temperature  was  diminished  as  the  percentage  of  tin 
increased. 

Much  less  difficulty  was  experienced  in  getting  good  castings  at  the 
first  melting  than  in  the  first  series.  Bare  No,  32  (94.10  copper^  5.4*5  tin) 
and  No.  37  (67.87  coi>[>er,  32.09  tin)  only  requiring  to  be  melted  three 
times,  and  all  the  others  only  once.  Bars  No.  38  (02.42  copper,  37.48  tin) 
to  No.  42  (43.99  coi)per,  55.91  tin)  inclusive,  however,  broke  either  in  the 
mold  while  cooling,  or  on  being  taken  from  it,  or  m  subsequent  hand- 
ling. In  these  cases  tests  were  made  of  the  broken  i)ieces  without  re- 
melting.  The  difficulty  with  No.  32  and  No  37  ai)i)eared  to  be  caused 
by  pouring  the  metal  in  the  first  meltings  at  too  low  a  temperature. 

In  casting  bars  No.  37  (07.87  copi)er,  32.09  tin)  and  No.  39  (57.87  cop- 
per, 42.05  tin)  a  curious  i>henomenon  was  observed.  After  filling  the 
mold  with  the  molten  metal  a  small  amount  was  still  left  in  the  bottom 
of  the  crucible.  This  was  poured  out  on  the  brick  floor  of  the  foundiy 
and  left  to  cool.  While  cooling,  the  smfac^  of  the  metal  became  cov- 
ered with  an  aggregation' of  gi*ayish -colored  needle-like  crystals,  which 
appeared  to  grow  out  of  the  metal  and  cover  it  in  some  places  nearly  to 
the  depth  of  one-fourth  of  an  inch.  The  crystals  were  removed  from  the 
meta.1  and  handed  to  Prof.  A.  R.  Leeds,  of  the  St-evens  Institute  of  Tech- 
nology, for  examination,  who  made  a  report  in  which  he  calls  the  sub- 
stance an  artificial  mineral.    He  says  concerning  it : 

The  crystals  are  needles,  not  exce<»dinjif  ^  inch  in  length  and  y^u  inch  in  thickness. 
Lnster  a<lamantine  and  of  great  brilliancy.  Color,  white  and  tranHi»arent.  It 
scratched  ghiss,  its  hardness  being  over  6.  The  specihc  gravity  at  H2^  Fahr.,  by 
the  bottle,  is  6.019.  It  will  be  noted  that  this  is  lower  than  the  specitic  gra\'ity  of 
natnral  caasiterites  which  is  from  6.4  to  7.1.  It.  glows  lirilliantly  in  the  oxidizing 
tiame,  but  gives  no  evidence  effusion  at  the  terminations  of  the  crystal.  It  tinges  the 
flame  green.  With  soda  it  gives  a  white  c(»ating  of  oxicU*  of  tin.  Crvstals  apparently 
nt>t  alfected  by  several  hours  <ligestion  in  liydrochloric  and  nitric  acids. 

In  chemical  constitution  it  is  a  stannic  oxide,  containing  a  small  amount  of  oxide  of 
copper.  The  mineral  is  therefoi*e  an  artilicial  variety  of  crystal lize<l  stannic  oxide,  or 
cassiterite. 

As  the  temperature  of  the  metal  while  being  |)oured  is  supposed  to 
have  some  infiueiu^e  upon  its  properties,  an  attempt  was  ma^le  to  obtain 
the  temperatures  of  casting  with  this  series  of  alloys  by  i>ouriiig  a  small 
portion  of  the  molten  metal,  just  l)efore  pouring  the  remainder  into  the 
mold,  into  a  certain  weight  of  water  contained  in  a  wooden  vessel  and 
noting  the  increiuse  of  tempeniture  of  the  water  caused  by  the  hot  metal, 
and  also  the  weight  of  the  metal  })oured.  This  metluul  is  the  same  as 
that  employed  by  Messrs.  Levi  and  Kunzel  in  their  experiments  on  phos- 
phor-bronze.* 

The  data  obtained  are  the  weight  of  the  water  used,  its  temi>eratures 
before  and  after  ])ouring  tiie  metal  into  it,  and  the  weight  of  the  metal. 
The  relative  temperature  is  then  found  from  tlie  formula 

V  (f-t)       , 
x= — Y* -+  f 

in  which  P*  is  the  weight  of  the  water,  P,  the  wtMglit  of  metal  poured, 
t  the  temperature  of  the  water  before  and  V  the  temperature  aft^r  pour- 
ing, and  c  the  si)ecific  heat  of  the  alloy. 

The  specitic  heat  of  the  alloy  is  assumed  to  be  the  mean  of  the  si)ecific 

TomptvH  liemluH,  Vol.  T,\,  1871,  i»p.  ^M)-^y.\X, 
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heata  of  the  comiwnent  nietal8,  and  for  these  the  figures  of  liegnaiilt 
are  iise<l,  xiz,  eoi>per  0.09515,  tin  0.05623. 

This  formula  will  not  give  the  actual  temperature  of  casting,  since  it 
neglects  the  fact  that  the  specific  heat  of  a  melted  metal  may  not  be  the 
same  as  that  of  the  solid  metal,  and  since  also  it  neglects  the  latent  heat 
of  fosion  of  the  melted  metal,  the  amount  of  which  is,  as  yet,  unknown. 
The  results,  however,  will  api)roximatiBly  and  relatively  represent  the 
temperatures,  and  as  the  data  are  all  given  below,  the  actual  tempera- 
tures may  be  calculated  whenever  the  si)ecific  heats  of  the  molten  aJloys 
and  their  latent  heats  of  fiision  shall  have  been  determined.  The 
amount  of  heat  transferred  to  the  wooden  vessel  which  contained  the 
water,  was  not  detennined,  but  the  loss  is  probably  so  slight  that  it  may 
be  neglected  without  material  influence  ui>on  the  result.  The  following 
table  gives  the  data  which  were  obtained  in  these  experiments,  and  the 
temperatures  calculated  from  them : 

Table  VIL — Second  series — Alloys  of  Copper  axd  Tix. 

Estimated  TBmprratures  of  Casting, 


'  Compoeitinn    by 

original  niiztnres. 

1 

u 

9 

• 

'3      1  TemperatuK.  of  water, 
%                CMltiglMl.  (oal.. 

S 

£             Calculated  relativ« 
^                   teniperainre. 

Nanber. 

• 

a 

^                    1 

^     i      -i 

1     '    1     ^    E 

1 

1     '  H 

31 97.5 

32 ,          93.5 

'        33 87.5 

34 !          88.5 

35 77.5 

3i 73.5 

37 67.5 

38 63.5 

39 57.5 

40 53.5 

41 47.5 

49 43.5 

45 1          37.5 

44 \          38.5 

45 27.5 

46 88.5 

47 17.5 

4« 18.5 

49 7.5 

50 1            9.5 

8.5 
7.5 
18.5 
17.5 
88.5 
87.5 
33.5 
.37.5 
43.5 
47.5 
53.5 
57.5 
68.5 
67.5 
73.5 
77.5 
83.5 
87.5 
99.5 
97.5 

Oram. 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 

Oram. 

74          a3  1      99.8 
101  1       19.8  1      31.7 
149          16. 7         43. 8 
369           9.4  !      60.0 
985         15.0         47.3 
157         H.7         3a  3 

97  1      11.  1  1      86.1 
177         10.6         31.7 
199  '      17. 2         39. 8 
914           a  3         .35. 0 
916  I      13.9         50.5 
338           9.5         47.3 
993  '      1.T9  1      3a  9 
955  1        ao  .      33.3 

85           7.8  i       ia3 
977         13.3         38.9 
941  1       15  5         37.3 
104  1       14.4         33.7 
840         ia9  ;      33.3 
154         90.5  !      97.3 

14.5 

lao 

26.1 
50.6 
39.3 
91.6 
15.0 
91  1 
15.6 
96.7 
3a3 
37.8 
95.0 
93.3 
10.5 
96.7 
91.7 

,      a3 

14.4 
6.7 

0.  094177 
0,  092331 
0.090385 
0.  0883:19 
0. 08639:) 
0.  084447 
0.0^2501 
aOHO.'iSS 
0.078609 
0.076663 
a  074717 
0.073771 
0.  070885 
0  068879 
0.066933 
0.064987 
0.063041 
0.061095 
0.  0.^9149 
0.057903 

1909.9 
1871.9 
1803.6 
1495.  I 
1554.5 
1511.8 
1736.  2 
1373.9 
143a  0 
1511.1 
2905.0 
1063.  8 
1131.7 
1756.9 
1701.6 
1383.7 
1331.1 
1311  9 
9.i6.  5 
735.3 

3469.8 
3401.  4 
.397^6 
9783.0 
9839.3 
975L8 
314a  8 
tf-Wl.  4 
9603.4 
8751.  8 
4001.0 
1945.  4 
90H7.8 
3193.  8 
SOW).  8 
8519.6 
3437.  8 
3311.  8 
1753.  H 
1337. 0 

The  temperatures  of  ca^sting  of  bars  No.  32  and  No.  37,  given  above, 
are  those  of  the  third  casting,  those  of  the  first  and  seciMkl  meltings 
being  of  no  value,  as  the  third  casting  only  was  used  in  the  tests. 

In  the  first  casting  of  bar  No.  32  (94.10  co]>per,  5.43  tin),  while  pour- 
ing of  the  metal  into  the  water  for  the  teini)erature  test,  an  exi>losi(m 
took  place  which  broke  the  wooden  vessel  which  held  the  water,  and 
threw  water  and  metal  about  with  great  violence.  It  appears  i>robable 
that  the  metal  was  heated  to  an  unusually  high  temi)eRiture,  as  in  i)our- 
ing  other  metals  when  at  a  dazzling  white  heat  explosions  sometimes 
trK)k  plac^,  but  they  were  usually  not  A^iolent  encmgh  to  do  more  than 
make  a  slight  report  as  the  hot  metal  touched  the  water. 

After  the  bars  were  ca«t  they  were  finished  to  a  rectangular  section 
by  grinding  on  an  emery-wheel  planing-niachine.  The  brittle  alloys  gave 
a  great  deal  of  trouble  by  breaking  at  the  ends,  and  some  of  them  in  the 
uii4l<lle,  while  being  ground. 
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Bar  Xo.  37  (67.87  ('01)1)0?,  32.09  tin)  showed  a  most  remarkable  de^ee 
of  brittlenens.  \Mieii  cast  it  ajipeared  iiei-t'ectly  sound,  and  was  taken 
out  of  the  mold  and  laid  upon  a  table  while  still  hot.  While  cooling,  a 
chip  of  about  half  an  inch  long  flew  off  from  each  of  two  of  the  bottom 
corners  of  the  bars.  The  fracture  had  a  curved  surface,  and  left  the 
bottom  corners  roiuided.  The  next  day  an  attempt  was  made  to  grind 
the  top  of  the  bar  on  an  emei>'  wheel.  Chips  of  similar  ciu-ved  fonn 
instantly  flew  off  Irom  the  cx)rners,  and  on  continuing  to  press  the  end 
of  the  bar  against  the  side  of  the  wheel,  resting  it  at  the  same  time  on 
a  table  which  almost  touched  the  wheel,  chips  continued  to  fly  from  the 
bar,  always  breaking  with  a  curved  or  conchoidal  fracture.  Finally 
several  chips  flew  oft*  at  once,  and  left  the  end  of  the  bar  with  a  rounde<l 
l)oint,  brilliant  and  smooth,  as  if  the  metal  had  teen  melted  off.  It  was 
tlien  attempted  to  giind  the  lower  end  on  a  grindstone,  but  the  attemi>t 
only  succeeded  after  several  chips  were  broken  off,  although  the  greatest 
i^are  was  used  in  holding  it  against  the  stone.  Tlie  appearance  of  this 
bar  was  almost  exactly  similar  to  that  of  No.  10  (68.08  copi^er,  31.26 
tin)  in  the  first  series,  which  had  nearly  the  same  composition. 

liar  No.  38  (62.42  copper,  37.48  tin)  broke  into  three  pieces  while  teing 
gi'ound,and  the  two  fractured  surfaces  showed  that  liquation  had  taken 
place,  which  was  subsequently  confirmed  by  analysis.  The  upper  fract- 
ure, 0  inches  fnmi  the  top  of  the  bar,  was  smooth,  conchoidal,  and  bril- 
liant silver- white  in  color,  like  bar  No.  37  (67.87  copper,  32.00  tin),  while 
the  fracture  at  the  lower  part  of  the  bar,  5  inches  from  the  bottom,  was 
dark  gray,  radiated  and  crystalline,  so  different  from  the  first  that  it 
indicator  an  entirely  different  character  of  metid.  Fractures  produced 
during  the  tests  showed  that  the  change  from  one  appearance  to  the 
other  was  gi*a<lual,  and  that  there  was  a])parently  a  gradual  increase  in 
the  percentage  of  copper  in  the  bar  tmm  bottom  to  top.  This  phenom- 
enon resembles  that  shown  by  bars  No.  14  (51. (>2  c^)pper,  48.00  tin)  and 
No.  17  (42.38  copper,  57.30  tin)  of  the  first  series,  both  of  which  con- 
tained less  copper  than  No.  38. 

No.  39  (57.87  copper,  42.05  tin)  and  No.  40  (53.46  copper,  46.54  tin) 
also  broke  in  handling,  but  did  not  exhibit  any  api)earan(»e  of  li(] nation. 
The  frdotures  of  No.  39  were  all  similar  to  that  of  the  lower  part  of 
No.  38. 

TESTS  BY  TRANSVERSE  STRESS. 

tkcoyid  Series. — Alloys  of  Copper  and  Tin, 

The  bars,  after  having  been  prepared  by  grinding,  were  then  tested  by 
transverse  stress. 

The  apparatus  used  was  the  testing  maehine  of  the  Mechanical  Labor- 
atory of  the  Stevens  Institute  of  Technology  mentioned  on  page  313  as 
having  been  used  in  the  test  of  bar  No.  30.  A  cut  of  this  machine  is 
shown  below. 

The  apparatus  consists  of  a  combination  platform-scale  of  4,000  pounds 
cai)acity,  having  a  platform  5  feet  in  length  and  3J  feet  in  width,  carry- 
ing a  heavy  cast-iron  base-plate,  C,  5  feet  long,  on  which  are  mounted 
two  heavy  standards,  or  supports,  D  1),  twelve  inches  high,  which  slide 
along  in  a  groove  in  the  baseplate  C",  and  may  be  clamped  at  any  point. 
These  supports  are  level  on  their  upper  surtace^,  and  can*y  two  rollers, 
upon  which  the  bar  to  be  tested  is  supported.  The  pressure  is  exerted 
by  means  of  a  hand-wheel,  K,  turning  a  large  square-threaded  screw, 
which  works  in  a  large  nut  supported  by  two  bolts,  F  F,  which  pass 
down  to  an<l  are  secured  by  large  washers  and  nuts  to  a  heavy  oak  cross- 
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beam,  G,  uuilerueath.  Tlie  stresses  tlirown  on  the  bar  hy  the  liaiid-wheel 
aad  acrew  are  resiut^d  ilirectly  by  the  plutforni  of  the  scale,  an<l  are  reg- 
istered on  the  Hcale-beam  M,  which  is  graduated  to  re:ul  to  two  ))oiini)»<, 
but  is  seusitive  to  letts  thau  half  a  pound.    To  insure  more  m^ciu'ate 


Kin-  V2. — Fairbanks' 

lialauciuf;,  a  iwinti^r  was  attached  to  the  end  of  the  Bcale-beain,  which 
moves  a'atiss  a  {;raduat4Ml  arc.  The  ]>ointer  wa«t  always  brought  to 
rest  at  tht^  middle  of  the  arc.  in  taking  the  observations.  The  a)i])aTatus 
has  workwl  ver>'  satisfwitorily  and  gives  results  with  nuieh  gi-eater  mpid- 
ity,  and  with  e<|ual,  if  not  greater,  correctness  than  the  uiacbines  used 
ill  testing  the  tiist  series,  in  which  weights  were  required  to  be  lifted  ou 
and  oil'  the  V»ar  whenever  a  set  was  observed. 

In  testing  ductile  metals  with  this  machine,  it  will  be  noticed  that. re- 
sults are  obtained  very  ditf'erent  from  those  with  detul  loads  when  the 
bar  is  alloweil  to  rest  under  stress  for  any  length  of  time.  In  the  test 
by  deail  loa^ls,  when  a  loud  is  placed  ou  a  bar  aud  the  detleetion  is 
allowed  to  increase,  the  load  continues  to  act  as  long  as  the  test  contin- 
ues. In  the  test  by  the  pressnre-s<-rew  anil  soile-combination,  the  deflec- 
tion is  maintainecl  umstant  by  the  screw,  while  the  decrease  of  resist- 
anciiig  of  the  bar  is  shown  by  the  dropping  of  the  H<;ale-beam,  and  its  bal-- 
ancing  iiy  a  smaller  weight,  moving  the  sliding  poise  to  a  lower  figure  ou 
the  beam. 

To  test  a  ductile  metal  by  the  pressiu-e-screw  exactly  as  with  dead 
loads,  it  wouhl  be  necessary  to  (;oiitiTiue  turning  the  hand-wlieel  just  rap- 
i<lly  enough  to  keep  the  scale-beam  constantly  balance<l,  so  that  the  pres- 
sure would  rennvin  constant  and  the  detli'ctJon  increase  as  in  the  teat 
nuder  dead  loads.  With  very  ductile  metals,  wliicli  show  under  some 
loads  a  detrreasing,  and  under  heavier  loatls a  nipidly  incieasing,  rate  of 
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increase  of  detif  ctiori,  tliis  woiilcl  be  iin]»ra<'tH'-abIe.  To  ol>8er\'e  the  effect 
of  time  ill  t«*HtH  of  tite  ductile  metala.  therefore,  the  deflection  was  meas- 
ured when  the  scale-beam  balariceil  at  a  certain  flfmre,  and  then,  as  the 
l>eam  dropiwd,  sliowinR  a  decrease  of  resistance  of  the  bar  to  stress,  tiie 
iwiise  was  piislted  back  until  tlie  l»eani  balanced  again,  and  the  figure  on 


Fill.  i:t. 

the  l>eani  nTonlcd  and  tlie  time  notttd.  As  the  Ijcjirn  driipiHMl  ngain  it 
vas  again  balanced,  and  ho  on  u»  long  as  it  was  dcsii-ed  to  continue  tlie 
test. 

In  tlie  apiH-ndeil  tables  of  the  test**  of  the  second  series,  therefore,  it 
will  be  observed  that  when  "time  tests  "aiti  made,  insteiul  of  iiotiiig  the 
increase  of  d«rte<^ition  with  various  times  of  leaving  under  stress,  a«  iii 
the  first  series,  the  dccreiise  of  n^sisfaiice  is  iiot4'<l,  sw  niejusiireil  on  the 
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scale-beam.  The  decrease  of  resistance  to  stress  is  also  fi*e4|ueiitly  noted 
in  these  tables  by  the  words  "  beam  sinks,"  when  the  beam  was  observed 
to  drop  while  taking  the  reiuling  of  the  deflection,  but  when  the  test 
was  at  once  continued  mthout  stopping  for  *'  time  tests."*  The  deflec- 
tions of  the  bars  tested  in  this  apparatus  were  measured  by  an  insti'u- 
ment  (Fig.  13)  designed  for  the  pui-pose,  which  consists  of  a  micrometer 
screw  and  contact  level,  similar  to  the  instrument  used  by  the  United 
States  Coast  Survey  for  comparing  standai^d  measures  of  length. 

The  screw  has  4()  threads  to  the  inch,  and  the  head  is  divided  into  250 
part«,  so  that  a  turn  of  the  screw  through  a  distance  indicated  by  one 
di\ision  on  the  scale  coiTCsponds  to  an  advance  of  the  screw  through  its 
nut  of  xo^o  ifth  of  an  inch.  The  screw  and  the  nut  in  which  it  works  ai-e 
carried  by  a  bronze  piece  supported  by  two  pivot  sctcws.  This  ])iece  also 
carrieij  a  very  del icate  astronomical  level.  The  rea<lin gs  of  the  head  of  the 
screw  are  taken  when  the  bubble  of  the  level  is  exactly  in  the  center  of 
it»s  glass,  and,  when  care  is  taken,  the  readings  are  given  with  accuracy 
to  tiie  Toooo^^*  ^^  ^'^  inch.  The  instrument  wa.s  tested  carefully  in  the 
Physical  Laboratory  of  the  Stevens  Institute  of  Technology,  and  the  pitch 
of  the  screw  was  found  to  be  uniform  within  the  limits  of  en*or  of  the 
reading,  and  the  level  to  have  the  recpiired  delicacy  of  acticm. 

Tlie  pitch  of  the  screw,  however,  has  an  error  whii^li  is  proportional 
to  its  length,  amounting  to  0.(M)()741  inch  in  eiich  inch  of  it^s  length,  tlie 
inch  indicated  by  the  instrument  being,  accurately,  0.99925  incli. 

In  iLsing  this  instrument  to  measure  deflections,  in  tests  by  transverse 
stress,  it  is  mounted  on  an  iron  standaixl  whic^li  is  l)olted  firmly  to  the 
middle  of  the  heavy  base-plate  of  the  ma<*hine,  and  ])laced  in  such  a 
position  that  the  end  of  the  micrometer  screw  I'ests  on  a  flat  surface  on  the 
upper  side  of  the  piece  which  acts  on  the  middle  of  the  bar  to  be  tested, 
and  through  which  the  pressure  is  applied.  This  piece  is  guided  by  the 
rods  which  sustain  the  nut  in  which  the  large  pressure-screw  rotates,  in 
such  a  manner  that  it  can  only  move  in  a  vei-tical  direction. 

A  special  test  was  made  of  the  accuracy  of  the  method  of  measuring 
deflections,  ami  a  slight  error  Wiis  found  to  arise  from  the  deflection  of 
the  bed-plate  of  the  testing-machine.  This  eiTor  was  found  to  amount 
to  0.0050  inch  when  the  machine  wjis  strainexi  to  its  working  limit,  viz, 
4,000  pounds,  and  it  was  also  found  to  be  ])roportional  to  the  stress,  or 
0.00000125  inch  for  each  pound  of  stress,  which  error,  if  absolute  accu- 
racy is  desired,  should  be  added  to  the  observed  deflections. 

Lti  testing  the  softer  metals  an  error  is  intix>duced  by  the  compression 
of  the  bar  at  the  point  which  is  touched  by  the  i^ressure-block  and  the 
l)oints  which  rest  on  the  rollers.  The  effect  of  this  compression  can,  in 
some  cawes,  be  seen  on  the  bars  after  they  have  been  te^sted.  This  error 
seemed  to  be  nearly  c^onstant  after  the  api>lication  of  about  a  hundred 
l>ound8,  the  pressure-block  and  rollers  appearing  to  form  permanent  beds 
for  themselves.  It  may  partially  account  for  the  apparently  greater  in- 
crease of  deflections  for  equal  increments  of  load  near  tlie  beginning  of 
the  te«t  than  elsewhere  near  the  elastic  limit,  and  therefore  for  the  appar- 
ent irregularity  in  the  moduli  of  elasticity. 

Tables  are  appended  giving  the  re(*ords  of  the  test  of  each  bar,  and 
the  following  table  i>resents  a  condensed  sununary  of  all  results: 

*>S('e  paper  by  tlie  writer  "On  the  Kate  of  sSet,''  &.C.,  Api>eu(lix. 
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NOTES  ON   THE   TESTS  BY  TRANSVERSE  STRESS. 

(NMiiiniriu^  the  results  given  in  the  above  table  with  those  of  the  trans- 
A  erse  tests  of  the  first  series,  given  in  Table  II,  page  302,  it  will  be  seen 
that  there  is  a  very  close  resemblance,  indicating  that  there  is  a  delinite 
law  connecting  the  strength  with  the  composition  of  the  co])i)er  and  tin 
alloys,  and  that  a  regular  curve  can  be  laid  down  expressing  this  law. 

It  will  be  seen  that  in  the  second  seiies  the  m^xinnini  strength  was 
shown  by  Xo.  34  (82.72  <;oi)per,  17.33  tin),  while  in  the  first  series  it  was 
t^xhibited  by  No.  7  (80.95  coi)i)er,  18.84  tin),  which  differed  but  little  ii*oni 
it  in  composition.  In  lK)th  series  there  is  a  regular  but  rapid  decrease 
of  strength  to  alloys  No.  13  (5().70  co]>per,  43.17  tin)  of  the  first  series, 
and  No.  40  (53.4()  copper,  40.54  tin)  of  the  second  series.  From  these 
compositions  to  the  end  of  each  series  all  of  the  bars  possess  but  little 
«ti*ength,  but  there  is  a  slow  ami  somewhat  iiTCgulai-  increase  of  strength 
irom  No.  13  and  No.  40  to  No.  21  (23.35  cojiper,  76.29  tin)  in  the  first 
series,  and  No.  46  (21.60  (roi)per,  77.58  tin)  in  the  secx)nd  series,  which  bars 
give  what  has  been  called  the  ''second  maximum"  points  in  the  curve>s 
of  each  series.  Their  resistances  then  gradually  decrease  to  the  end  of 
each  series,  the  bars  at  the  end  gi\ing  the  ''second  minimum"  points  in 
each  curve.  The  irregularity  in  strength  in  the  latter  i>art  of  the  first 
series  does  not  occur  in  the  second  series,  sincre  the  latter  wa»s  tested 
with  more  uniformity  as  to  time  than  the  former. 

The  results  of  these  tests  do  not  seem  to  coiToborate  the  theory  given 
by  some  writers,  that  i)ecniliar  properties  are  possessed  by  the  alloys 
which  are  compounded  of  simple  nuiltiples  of  their  atomic  weights  or 
chemical  eipiivalents,  and  that  these  x)roperties  are  lost  as  the  composi- 
tions vary  more  or  less  from  this  definite  ('onstitution.  It  does  appear 
that  a  certain  percentage  com])ositi(m  gives  a  maximiun  strength  and 
another  certain  ]>ercentage  a  minimum,  but  neither  of  these  composi- 
tions is  rei>resented  by  simple  multiples  of  the  atomic  weights. 

Besides,  there  api)ears  to  be  a  perfectly  regular  law  of  decrease  from 
the  maximum  to  minimum  strength  which  does  not  seem  to  have  any 
relation  to  the  atomic  proiK)rtioiis,  but  only  to  the  percentage  composi- 
tion. 

Kefening  to  the  ai)i)ended  tables,  giving  the  record  of  the  test  of  ea(*h 
bar,  and  the  plate  of  i)lotted  curves  which  accompanies  them,  the  follow- 
ing observatKMis  may  be  made  concerning  these  testes. 

Bar  No.  31  (99.09  co])per,  0.87  tin). — Tliis  bar  proved  upon  test  to  Im 
a  bad  casting,  and  apparently  had  a  crack  in  the  middle  which  was  not 
<liscovered  till  after  360  pounds  })ressiu'e  had  been  placed  on  it.  The 
limit  of  elasticity  appeared  to  be  rea<;hed  at  about  200  pounds,  and  a  set 
of  0.01  inch  was  observed  at  the  same  point,  both  of  which  indicated  the 
<leflective  strength  before  rupture.  The  uhkIuIus  of  elasticity  also  was 
much  less  than  those  of  otlier  bars  of  nearly  the  same  composition. 
After  breaking,  the  friwture  vshowed  the  metal  to  be  full  of  blow-holes 
and  it  had  a  partially  oxidized  ai)pearance.  As  bar  No.  2  (97.89  co])i>er, 
1.90  tin)  of  the  first  series  was  also  defective,  it  is  indicated  that  faidty 
castings  are  very  likely  to  occur  with  alloys  containing  less  than  3  per 
cent,  of  tin.  It  is  possible,  however,  that  sound  bars  may  be  made  if 
the  metal  is  poured  at  the  proper  heat  and  cooled  at  the  proper  rate. 
As  this  bar  was  defective,  it  is  omitted  from  the  plotted  ciu*ves  (Plate  I). 

liar  No.  32  (94.10  copper,  5.4.3  tin). — This  i)roved  to  be  a  goo<l  bar, 
and  bent  without  breaking  at  a  loa^l  of  1,080  pounds.  From  the  plotted 
curves  of  stresses  and  defie<jtions  (Plate  XVII)  it  appears  that  the  limit 
of  elasticity  was  reached  at  about  600  pounds. 
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A  set  of  0.0145  inch  took  place  at  400  ponnclK.  At  440  pounds  the 
scale-beam  was  observed  to  droj)  while  taking  tlie  deflection,  immedi- 
ately after  it  had  been  balanced,  showing  a  decrease  of  reaistAnoe  to 
constant  deflection,  which  has  been  conimente<l  ui)on  in  describing  the 
action  of  the  machine  (page  347).  Tliis  also  occurred  at  every  loail  be- 
y<md  440  pounds,  although  it  is  not  noted  in  the  table.  It  is  to  l>e  un- 
derstood tliat  in  all  tests  in  wliich  a  decrease  of  resistance  to  stivss  is 
noted,  that  decrease  also  took  place  at  every  load  succeeiling  that  at 
wliich  it  is  first  observed,  to  the  end  of  the  test. 

xV  ''  time  test "  was  made  at  000  jwunds,  showing  a  decrease  of  resist- 
ance in  2  minutes  to  580  pounds,  and  in  1  hour  48  minutes  to  502  ]>omids. 

Bar  No.  33  (88.40  cx)pper,  11.59  tin). — This  bar  proved  nuu'h  stronger 
than  No.  32,  breaking  at  a  h)ad  of  1,7(K)  ixmnds,  after  a  deflection  of 
abcmt  4  inches.  A  set  of  0.0112  inch  was  observed  at  (KM)  pounds,  and 
the  limit  of  elasticity  is  taken  at  this  jioint.  At  720  pounds  the  bar 
showed  a  decrease  of  resistanire,  the  scale-beam  slowly  sinking  below 
its  middle  position.  This  bar  difl'ered  but  little  in  composition  ft-om 
No.  0  (87.15  copper,  12.73  tin)  of  tlie  first  series,  which  was  found 
to  be  defective  by  reason  of  liquation,  and  it  confirms  the  indication  men- 
tioned under  the  transverse  test  of  No.  0,  that  the  liquation  was  not 
caused  by  the  jjarticuhir  mixtui-e  or  composition,  but  by  some  peculiarity 
in  casting  or  c(M)ling.  The  fracture  of  this  bar  Wiis  in  color  a  light 
grayish-yellow,  slightly  darker  in  the  center,  and  of  an  earthy  appear- 
ance, entirely  devoid  of  luster ;  a  few  very  small  blow-holes  were  seen 
anmnd  the  edges  of  the  fraciture.  It  resembled  somewhat  the  more 
homogeneous  fractiues  of  bar  No.  5  (1)0.27  copper,  9.58  tin).  Its  shajw* 
was  trapezoidal,  a  characteristic  of  all  fractures  by  transverse  stress  of 
metals  possessing  considerable  ductility.  The  measurement  of  this  frac- 
ture showed  the  breadth  at  the  top  U}  l>e  1.003  inches  and  at  the  bottom 
0.937  inch.  The  depth  was  0.972  inch.  The  original  section  of  the  bar 
Wius  rectangidar,  breadth  0.973  inch,  and  depth  0.977  inch. 

Bar  No.  34  (82.72  cop[)er,  17.23  tin). — This  bar  was  the  strongest  of 
the  series,  and  also  stronger  than  any  bar  in  the  first  series.  It  bi-okeat 
1840  pounds,  after  a  deflection  of  0.0125  inch.  A  set  of  0.(K>98  inch  was 
observed  at  1,000  pounds,  and  the  limit  of  elasticity  was  i^ached  at  1,040 
pounds. 

In  breaking,  the  bar  gave  out  a  ringing  sound,  and  the  two  halves 
flew  out  fr-oiii  under  the  pi*essure-screw,  and  were  found  on  the  plattbnii 
about  four  feet  apart.  The  fracture  w^as  of  a  pinkish -gray  color,  veiy 
fine,  granular,  and  homogeneous,  except  a  spot  in  the  center  which  ap- 
peared to  be  a  mottled  mixture  of  the  pinkish-gray  with  a  <lull,  earthy, 
yellowish-gray.  There  were  no  signs  of  a  deci'ease  of  resistance  through- 
out the  test  during  the  times  necessary  to  take  readings  of  deflections 
(fiom  30  seconds  to  1  minute  each).  The  fractm^e  took  place  just  as  the 
last  reading  of  deflection  was  t^iken,  and  about  30  seconds  after  the 
beam  was  balanced  at  1,840  pounds,  the  beam  remaining  balanced  until 
the  instant  of  rupture.  The  appearance  of  the  fra<*ture  and  the  beha- 
vior under  stress  were  ver>'  similar  to  tliose  of  bar  No.  7  (80.95  copper, 
18.84  tin),  which  bi'oke  at  1,750  pounds,  and  was  the  strongest  bar  of 
the  first  series.  It  appears  tliat  the  maximum  strength  is  associated 
with  a  pectuliar  color,  a  reddish  or  pinkish  gi*ay,  which  marks  the 
change  fiom  the  ductile  alloys  to  the  brittle  ones,  and  o<*<nirs  l>etween 
the  percentages  of  tin  wliich  give  a  silver-white  alloy  in  which  no  trai*e 
of  copper  could  be  detected  by  the  eye,  and  the  reddish-yellow  to  yel- 
lowish-gray alloys  like  No.  6  (lower  end  of  bar)  and  No.  33. 

The  tests  of  No.  7  and  No.  34  are  not  sutticient  of  themselves  to  de- 
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tenmne  with  accuracy  the  composition  which  gives  the  maximum 
strength  of  all  the  alloys  of  copper  and  tin ;  but  from  the  plotted  curves 
of  the  tests  of  both  series  it  appears  evident  that  it  lies  between  82.5  and 
S5  per  cent,  copper. 

Bar  No  35  (77.56  copper,  22.25  tin).— This  bar  had  less  than  half  the 
Ktrength  of  No.  34,  breaking  at  840  pounds  after  a  deflection  of  0.1606 
inch,  thus  again  exhibiting  the  result  shown  in  the  test  of  the  first  series, 
tlie  very  rapid  decrease  of  strength  between  80  and  75  per  cent,  of  cop- 
per. In  aJl  its  qualities  it  closely  resembled  No.  8  (76.63  copper,  23.24 
tin)  of  tiie  first  series.  The  color  of  the  fracture  was  the  same,  a  very 
Hlight  pinkish  gray,  with  a  very  fine  granular  structure,  but  showing 
slight  radiated  lines  of  cooling  which  were  not  present  in  the  fractured 
surface  of  No.  8.  No  set  amounting  to  0.01  inch  could  be  detected  dur- 
ing the  test,  and  the  limit  of  elasticity  was  not  reached  before  fracture ; 
the  bar,  therefore,  possessed  all  the  qualities  of  the  brittle  alloys,  com- 
bined with  a  considerable  degree  of  strength. 

Bar  No.  36  (72.89  copper,  26.85  tin.) — ^This  bar  also  illustrates  the  sud- 
den decrease  of  strength  after  passing  the  maximum,  breaking  at  290 
pounds,  after  a  deflection  of  0.0475  inch.  The  limit  of  elasticity  was  not 
i-eached  before  fracture,  and  no  set  amoimting  to  0.01  inch  was  found. 
The  fracture  was  of  a  brilliant  silver- white  color,  with  a  very  faint  tinge 
of  pink.  It  had  a  curved  shape,  like  those  of  No.  9  (69.84  copper,  29.88 
tin)  and  No.  10  (68.58  copper  31.26  tin)  in  the  first  series,  and,  like  them, 
Hhowed  a  laminated  or  prismatic  structure.  In  all  respects  the  bar  re- 
sembled No.  9  and  No.  10,  except  in  the  pinkish  shade  of  color  which  was 
absent  in  both  of  the  latter.  It  appears,  therefore,  that  the  change  in 
color  from  light  pinkish  gray  to  silver- white  takes  place  between  the 
compositions  containing  76.63  and  72.89  per  cent,  of  copper,  and  that  the 
change  is  gradual  between  these  limits. 

Bar  No.  37  (67.87  copper,  32.09  tin).— This  bar  was  a  little  weaker  than 
No.  35,  breaking  at  270  pounds,  after  a  deflection  of  0.0520  inch.  Like 
all  of  the  brittle  bars  it  had  no  elastic  limit  before  fracture,  and  no  set 
amounting  to  0.01  inch.  The  fracture  was  precisely  similar  to  that  of 
2fo.  10  (68.58  copper  31.26  tin)  of  the  first  series. 

Bar  No.  38  (62.42  copper,  37.48  tin).— The  piece  of  this  bar  which  was 

tested  by  transverse  stress  was  only  9  inches  in  length  between  supports, 

the  bar  having  bix)ken  in  the  emery-wheel  planer  as  already  mentioned 

on  page  346.    This  piece  broke  at  210  pounds  giving  a  modulus  of 

3  Pi 
rupture,  R  =-^^,  of  2907  pounds,  or  less  than  one-third  that  of  No. 

37.  The  deflection  with  200  pounds  stress  was  0.0185  inch.  This  de- 
flection appears  to  give  a  very  low  modulus  of  elasticity,  only  2,000,000 
I>ound8,  or  3,000,000  if  the  modulus  is  taken  between  the  loads  of  80  and 
200  pounds  to  eliminate  the  probably  erroneous  readings  of  deflection 
at  the  beginning  of  the  test.    The  formula  by  means  of  which  the  mod- 

PP 
ulus  of  elasticity  is  calculated,  B  =4  a  i^^p  >  however,  is  not  exaet  for 

short  specimens  as  it  does  not  take  into  account  the  effect  of  shearing 
stress,  as  has  been  observed  on  page  303. 

The  figures  of  moduli  of  elasticity  in  all  the  bars  of  this  series  which 
have  less  than  the  standard  length  of  22  inches  between  supports,  are 
therefore  probably  much  too  small.  Moreover,  the  eftects  of  all  the  er- 
rors in  the  test,  those  of  observation,  those  due  to  compression  of  the 
X>oints  of  the  bar  touched  by  the  supports,  and  by  the  pressure-block, 
and  those  due  to  the  unevenness  of  the  bearing,  will  all  be  increased  and 
will  tend  to  increase  the  apparent  deflection. 

H.  Ex.  98 ^23 
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The  fact  that  liquation  oc'cnri'ed  in  this  bar  was  noted  on  pa^e  346. 
The  fracture  by  transverae  stress  also  exhibited  liquation  as  it  differed 
in  api)earance  from  both  of  the  accidental  fractures.  It  was  of  a  dark 
gray  color  and  stony  structure,  with  no  radiated  lines  or  laminse,  and 
was  not  homogeneous,  parts  bein^  brilliant  and  parts  dull. 

Bar  No.  39  (57.87  copper,  42.05  tin).— The  length  of  the  bar  when  tested 
was  17  inches.  It  broke  at  142  pounds  after  a  deflection  of  0.021  inch, 
giving  a  modulus  of  rupture  somewhat  higher  than  Ko.  38.  The  appar- 
ent modulus  of  elasticity  is  much  higher  than  that  of  No.  38.  The  fract- 
ure was  of  a  light-gray  color  and  stony  structure,  showing  some  radiated 
lines. 

Bar  No.  40  (53.46  copper,  46.54  tin). — This  bar  was  only  9  inches  long 
between  supports,  and  it  proved  to  be  the  weakest  of  the  series,  break- 
ing at  150  pounds  with  a  deflection  of  only  0.008  inch,  gi^ing  a  modulus 
of  rupture  of  1,995  iK>unds.  The  apparent  modulus  of  elasticity  is  very 
low,  as  in  the  cases  of  the  other  short  bars.  The  color  of  the  fracture 
was  light  gray  and  it  had  a  radiated  lamellar  structure.  It  was  not  dis- 
tinguishable from  the  fracture  of  No.  39.  It  was  also  similar  in  appear- 
ance to  No.  13  (56.70  copper,  43.17  tin),  which  was  the  weakest  bar  in 
the  first  series. 

Bar  No.  41  (47.27  copper,  52.72  tin).— The  length  of  this  bar  was  15 
inches  between  the  supports.  It  was  much  stronger  than  No.  40,  break- 
ing at  230  pounds  after  a  deflection  of  0.0186  inch,  giving  a  modulus  of 
rupture  of  5,601  pounds.  From  the  position  of  this  test  in  the  curve 
strengths  of  the  series,  it  is  seen  that  it  also  indicates  a  law  of  grad- 
ual increase  of  strength  from  the  bar  of  minimum  strength,  No.  40,  to 
the  bar  of  "second  maximum^  strength,  No.  46  (21.60  cx)pper,  77.58  tin), 
which  was  also  shown  in  the  test  of  the  first  series.  The  fracture  was 
very  much  like  that  of  No.  40. 

Bar  No.  42  (43.99  copper,  55.91  tin). — This  bar  was  18  inches  in  length 
between  the  supjiorts.  It  was  a  little  stronger  than  No.  41,  breaking  at 
222  pounds,  giving  a  modulus  of  rupture  of  6,084  pounds  after  a  deflec- 
tion of  0.0357  inch.  The  bar  did  not  break  in  the  middle,  as  is  nearly 
always  the  case  in  transverse  tests,  but  4  inches  from  the  middle,  or  5 
inches  from  the  upper  or  A  end  of  the  bar.  The  longer  piec^  (marked 
E-c)  remaining  after  the  test  was  then  also  tested,  being  13  inches  in 
length  between  the  supi)orts.  It  gave  a  result  slightly  higher  than  the 
original  bar,  breaking  at  362  pounds,  giAing  a  modulus  of  rupture  of  6,606 
pounds  after  a  deflection  of  0.031  inch.  The  apparent  modulus  of  elas- 
ticity given  by  this  test  is  only  about  half  of  that  given  by  the  original 
bar.  which  only  serves  to  confirm  the  statement  already  made  as  to  the 
unreliability  of  the  moduli  of  elasticity  derived  fi>Dm  tests  of  very  short 
bars.  The  fractures  were  similar  in  color  to  those  of  No.  41,  but  showed 
a  compact  stony,  instead  of  a  radiated  and  laminated  appearance.  The 
accidental  fracture  near  the  bottom  of  the  original  bar,  however,  did  show 
the  radiated  structure,  as  did  also  ])ar  No.  43. 

The  analyses  of  turnings  from  two  difterent  parts  of  this  bar  showed 
that  a  large  amoimt  of  liquation  had  occurred,  the  turnings  from  the 
lower  part  of  the  bar  containing  more  than  22  per  cent,  less  copi)er  than 
those  from  the  upper.  This  is  sufficient  to  account  for  the  breaking  in  a 
section  other  than  the  middle,  and  for  the  difference  in  appearance  of 
the  fractures. 

Bar  No.  43  (37.10  copper,  62.00  tin).— This  bar  was  of  the  standard 
length,  22  inches,  and  shows  an  increase  of  strength  over  No.  42,  break- 
ing at  200  pounds,  or  at  a  modulus  of  nipture  of  6,942  poimds  after  a 
deflection  of  0.0799  inch.    A  set  of  0.0202  inch  was  observed  just  before 
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nipture  took  place,  thus  showing  more  ductility  than  either  of  the  five 
previous  bars.  From  tliis  point  to  the  end  of  the  series  the  ductility 
increases.  It  will  be  observed  that  in  tins,  and  in  all  of  the  more  duc- 
tile bars  containing  large  percentages  of  tin,  the  moduli  of  elasticity 
appear  to  decrease  from  the  beginning  of  the  test,  while  in  the  brittle 
bars  they  either  remained  nearly  constant  or  showed  a  slight  increase. 
In  the  latter  the  limits  of  elasticity,  or  points  at  which  the  ratio  of 
distortion  to  stress  increases  are  not  reached  before  fracture  occurs. 
In  the  former,  they  occur  very  near  the  beginning  of  the  tests,  but 
its  exact  place  is  difficult  to  determine.  On  the  plate  of  curves  of 
deflections  this  is  plainly  seen,  as  the  curves  of  these  ductile  bars  show 
a  curvature  concave  to  the  axis  of  abscissas  almost  from  the  beginning 
of  the  test.  The  limit  of  elasticity  is  usually  taken  as  the  point  at  which 
the  curve  begins  suddenly  to  become  concave  toward  the  axis,  but  in  the 
ductile  bars  in  which  this  point  of  change  is  not  plainly  marked,  it  is 
assumed  to  be  that  point  at  which  the  greatest  change  of  curv^ature  seems 
to  take  place,  or  a  little  before  the  curve  assumes  a  nearly  horizontal 
direction.  By  inspection  of  the  curve  of  No.  43  its  limit  of  elasticity  is 
determined  to  be  i)ounds.    When  100  pounds  had  l>een  placed  on  the 

bar,  a  decrease  of  resistance  to  stress  was  noted,  the  scale-beam  dropping 
while  the  reading  was  being  taken,  as  was  observed  in  the  cases  of  bars 
No-  31  to  No.  34.  This  was  also  observed  in  all  bars  from  No.  43  to  the 
end  of  the  series. 

The  fracture  was  of  a  light-gray  color,  and  showed  very  large  pris- 
matic crystallization  similar  to  that  of  No.  19  (34.22  copper,  65.80  tin)  of 
the  first  series.  * 

Bar  No.  44  (30.76  copper,  69.19  tin).  This  bar  also  showed  the  in- 
creasing strength  and  increasing  ductility  of  this  part  of  the  series  as 
the  percentage  of  tin  increases.  It  broke  at  210  pounds  after  a  deflec- 
tion of  0.1122  inch.  A  set  of  0.0325  inch  was  observed  at  200  pounds. 
Prom  the  curves  of  deflections  (Plate  XVII)  the  limit  of  elasticity  ap- 
pears to  have  been  reached  at  100  pounds,  at  which  load  the  bar  first 
exhibited  a  decrease  of  resistance  to  constant  deflection.  The  appearance 
of  the  fracture  was  precisely  like  that  of  No.  43. 

Bar  No.  45  (26.62  copper,  73.18  tin ).  This  bar  was  considerably  stronger 
and  more  ductile  than  No.  44,  breaking  at  320  pounds  after  a  deflection 
-of  0.2204  inch.  A  set  of  0.0145  inch  was  observed  at  160  pounds,  and 
from  the  curv^e  the  limit  of  elasticity  appears  to  have  been  reached  at 
160  pounds.  The  decrease  of  resistance  under  constant  deflection  was 
first  found  at  80  pounds,  and  a  "  time  test"  of  this  decrease  was  made 
at  KK)  pounds.  As  shown  in  the  table,  after  the  beam  had  been  bal- 
anced for  the  second  time  at  160  pounds,  the  resistance  decreased  in  1 
minute  to  154  pounds,  in  3  minutes  to  150  pounds,  in  44  hours  to  104 
l>ounds,  and  in  69  hours  to  100  pounds,  showing  a  gradually  decreasing 
rate  of  the  decrease.  The  fracture  was  similar  in  color  to  those  of  No. 
43  and  No.  44,  but  the  crystals  were  much  smaller,  and  had  more  of  a 
^n^iiular  appearance. 

Bar  No.  46  (22.10  copper,  77.58  tin). — This  bar  gave  the  "  second  max- 
imum" point  of  strength  in  the  curve  of  the  series,  breaking  at  400 
l>ounds  after  a  deflection  of  0.4051  inch.  It  closely  resembled  in  all  its 
qualities  the  bar  which  gave  the  "  second  maximum"  in  the  first  series. 
No.  21  (23.35  copper,  76.29  tin),  but  did  not  have  a  cavity  throughout  its 
length  such  as  was  seen  in  the  latter.  A  set  of  0.0047  inch  was  observed 
at  100  pounds,  and  one  of  0.0357  inch  at  200  pounds.    The  decrease  of 

*  See  deBcription  of  fracture  of  No.  19  by  Professor  Leeds,  page  312. 
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resistance  with  time  was  first  observed  at  100  pounds  j  fix)m  the  curve 
of  deflections,  the  limit  of  elasticity  is  seen  to  be  at  pounds.    The 

fracture  was  similar  to  that  of  Ko.  45. 

Bar  No.  47  (16.70  copper,  83.23  tin).— This  bar  proved  to  be  a  little 
weaker  than  No.  46,  tJius  confirming  the  law  of  decrease  of  strength 
from  the  second  maximum  to  the  end  of  the  series.  It  broke  at  300 
pounds  after  a  deflection  of  0.5332  inch.  A  set  of  0.0092  inch  was 
observed  at  100  pounds,  and  from  the  curve  of  deflections  the  limit  of 
elasticity  was  apparently  reached  at  about  100  pounds.  The  fractured 
surface  was  similar  to  that  of  No.  46. 

The  phenomenon  of  decrease  of  set  iHth  time  was  observed  for  the  first 
time  with  this  bar;  the  table  of  the  record  of  test  giving  the  full  record 
of  all  the  observations  made.  On  relieving  the  bar  of  all  pressure  except 
that  due  its  own  weight,  and  except  a  very  slight  pressure  (a  few  ounces) 
to  insure  that  the  pressure-block  actually  touch^  the  bar  and  was  not 
raised  from  it,  the  scale-beam  balanced  at  5  pounds,  and  the  re4iding  of 
the  set  was  made.  While  reading  the  set  the  scale-beam  was  observed 
to  rise,  indicating  increase  of  resistance  to  deflection,  as  it  had  similarly 
been  observed  to  drop  when  resistance  to  stress  took  place.  A  number 
of  observations  of  this  increase  of  resistance  to  the  permanent  deflection 
were  made,  and  also  of  the  decrease  of  set,  as  measured  by  running  back 
the  pressure-screw  till  the  scale-beam  again  balanced  at  5  pounds,  and 
taking  additional  readings.  The  result  of  these  observations,  which  are 
all  given  in  the  table,  showed  that  in  one  observation  of  39  minutes  the 
resistance  of  the  bar,  as  measured  by  the  scale-beam,  increased  18  pounds, 
and  that  in  2  hours  20  minutes  the  set  decreased  the  amount  of  0.0239 
inch. 

This  fact  of  the  decrease  of  set  with  time  has  since  been  confirmed  by 
a  large  number  of  tests  made  on  the  same  machine,  and  it  has  also  been 
observed  by  other  experimenters.  It  indicates  that  what  has  been  hith- 
erto called  the  ^^penuanent  sef  of  metals  is  in  reality  not  entirely  per- 
manent, but  is  partiallv,  at  least,  temporary.* 

Bar  No.  48  (11.68  copi)er,  88.25  tin).— The  result  of  the  test  of  this  bar 
was  almost  precisely  like  that  of  No.  47,  but  it  showed  considerably 
greater  ductility.  It  broke  at  300  pounds,  after  a  deflection  of  1.0760 
inches.  A  set  of  0.0120  inch  was  observed  at  100  pounds.  The  limit  of 
elasticity  is  taken  at  100  pounds.  The  decrease  of  resistance  to  stress 
was  first  noted  at  80  pounds.  The  phenpmenon  of  decrease  of  set  with 
time  was  also  observed  with  this  bar,  a  test  of  20  minutes'  diuution 
showing  a  decrease  of  set  of  0.0234  inch.  The  fracture  was  of  a  light- 
gray  color  with  a  rough  granular  stnicture. 

Bar  No.  49  (6.05  copper  93.77,  tin). — This  bar  was  weaker  and  much  more 
ductile  than  No.  48,  bending  to  a  deflection  of  3.67  inches  without  breaking 
at  a  load  of  290  pounds.  A  set  of  0.0128  inch  was  observ^ed  at  lOO 
pounds,  and  the  Umit  of  elasticity  seems  to  be  rea>ched  at  about  this  point. 
The  decrease  of  resistance  to  stress  was  first  observed  at  80  pounds. 
No  tests  were  made  of  the  decrease  of  set  with  time. 

Bar  No.  50  (2.11  copj)er,  97.68  tin.) — This  bar  was  still  weaker  than 
No.  49,  bending  to  a  deflection  of  3.93  inches,  without  breaking  at  a  load 
of  250  pounds.  A  set  of  0.0164  inch  was  observed  at  100  pounds,  and 
the  limit  of  elasticity  seems  to  be  reached  at  about  60  pounds.  The 
decrease  of  resistance  with  time  was  first  noticed  at  60  pounds.  At  210 
pounds  the  beam  was  caused  to  balance  twice  after  it  had  dropped,  the 
deflection  at  the  same  time  being  increased  from  0.85  to  1.08  inches. 

*  See  paper  by  the  writer,  &c. 
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This  indicated  that  a  much  less  load  than  250  pounds  would  have  caused 
the  final  recorded  deflection  of  3.93  inches,  if  sufficient  time  had  been 
given  to  it. 

It  wiU  be  observed,  on  comparing  the  results  of  the  tests  of  No.  49  and 
Ko.  50  with  those  of  oars  of  nearly  similar  composition  in  the  first  series, 
that  the  former  gave  much  higher  results  than  the  latter.  This  is  due 
entirely  to  the  method  of  test,  or  rather  to  the  time  taken  by  the  differ- 
ent methods.  In  the  t-ests  of  the  ductile  bars  of  the  first  series,  by  dead 
loads,  as  already  stated,  the  load  acted  constantly  to  produce  an  increased 
deflection  while  the  reading  was  being  taken,  and  thus  a  much  less  load 
was  required  to  produce  a  certain  deflection  than  would  have  been 
required  if  the  test  had  been  made  more  rapidly.  In  the  tests  of  the 
second  series  all  the  conditions  of  a  rapid  test  were  ftdflUed,  since  the 
deflection  was  not  increased  while  the  reading  was  being  taken,  and  also 
since  the  actual  time  occupied  by  the  test  was  very  much  less  in  conse- 
quence of  the  greater  convenience  of  handling  the  apparatus. 

TESTS  BY  TENSILE  STRESS. 

Second  series.    Alloys  of  Copper  and  Tin. 

The  bars  of  the  second  series,  after  having  been  tested  by  transverse 
stress,  as  above  described,  were  shaped  by  being  turned  in  a  lathe  into 
pieces  for  test  by  tensile  stress  of  the  same  shape  as  those  of  the  first 
series,  with  the  cylindrical  portion  of  the  test-piece  5  inches  in  length 
and  0.798  inch  in  diameter,  or  ^  square  inch  sectional  area.  The  bars, 
which  were  too  brittle  to  be  turned,  were  tested  in  their  original  rectan- 
gular section. 

The  te«ts  were  made  on  the  testing-machine  (Fig.  6,  page  314),  described 
under  the  tests  of  the  first  series. 

The  elongations  were  measured  by  means  of  the  contact-level  and 
micrometer-screw  (Fig.  13,  page  348),  which  was  used  in  measuring  the 
Reflections  in  the  transverse  tests,  and  which  has  already  been  described. 
In  adapting  it  to  tensile  tests,  the  bronze  piece  containing  the  two  pivot- 
screws  which  support  the  piece  carrjing  the  level  and  nut  was  firmly 
•clamped  by  a  screw  to  the  rectangular  head  of  the  test-specimen  just 
above  the  cylindrical  portion. 

At  the  bottom  of  the  specimen  was  clamped  a  similar  bronze  piece, 
which  carried  a  small  steel  cylinder,  with  a  flat  ui>per  surface,  which  the 
end  of  the  micrometer-screw  was  brought  to  touch,  and  upon  which  it 
rested,  being  free  to  move  about  the  pivot-screws  during  the  test.  When 
the  test-piece,  with  the  measuring-apparatus  clamped  to  it,  was  placed 
in  the  grips  of  the  testing-machhie  it  was  brought  into  a  vertical  posi- 
tion, and  the  micrometer-screw  was  turned  in  its  nut  imtil  the  bubble  of 
the  level  was  in  its  middle  position.  As  the  test  proceeded  and  the  piece 
elongated,  the  distance  between  the  two  pieces  of  the  measuring-appara- 
tus increased  exactly  to  the  extent  of  the  elongation,  and  the  level 
shifted,  requiring  the  micrometer-screw  to  be  advanced  an  amount  equal 
to  that  of  the  elongation  to  bring  the  bubble  again  to  its  original  posi- 
tion. 

The  apparatus  was  found  to  give  good  results,  except  at  thebegiiming 
of  the  test,  when  the  piece  appeared  to  take  a  very  slight  curvature,  the 
effect  of  which  was  at  times  to  cause  the  apparent  elongation  to  be 
greater  or  less  than  the  true  elongation. 

The  curvature  or  bending  of  the  test-speeimen  may  be  produced  by 
either  of  several  causes,  or  by  a  combination  of  them  all.    These  are 
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chiefly  the  existence  of  a  blow-hole,  or  any  want  of  homogeneity  in  one 
side  of  the  test-specimen,  the  fact  of  the  heads  of  the  test-specimen  not 
being  accurately  symmetrical  with  the  cylindrical  portion,  or  the  side 
strain  brought  by  the  testing-machine  by  reason  of  the  line  of  stress  not 
being  accurately  in  line  with  the  axis  of  the  test-specimen. 

These  errors  appear  to  exist  only  in  that  part  of  the  test  which  is 
below  the  elastic  limit  of  the  specimen,  as  after  that  point  the  stres* 
pulls  the  piece  into  the  line,  which  it  retains  till  the  end  of  the  test 
The  bending  is  so  slight  usually  that  it  has  not  be^n  detected,  so  far  as 
the  writer  is  aware,  by  any  other  means  of  measurement  than  the  one 
herein  described,  which  magnifies  the  extensions  considerably. 

Because  of  these  errors,  the  figures  given  in  the  tables  for  elonga- 
tions near  the  beginning  of  the  test  before  they  amount  to  0.01  inch  are 
in  many  cases  not  reliable.  Where  the  elongations  are  greater  than  this 
amount,  the  figures  are  considered  very  accurate,  with  perhaps  a  slight 
error,  which  is  constant  throughout  the  test.  For  the  same  reason,  the 
recorded  figures  of  elongations  cannot  be  relied  uj^on  to  give  correct 
moduli  of  elasticitj^  by  tensile  stress,  which  might  have  been  done  if  the 
error  due  to  the  bending  of  the  specimen  had  been  entirely  eliminated. 
With  the  exception  of  these  errors,  the  measurements  are  believed  to  be 
much  more  nearly  correct  than  those  of  the  first  series,  which  were  made 
simply  by  means  of  a  pair  of  finely-pointed  di\iders  and  readings  on  a 
scale  to  xiff^l^  ^^  ^^  inch. 

The  results  of  the  tests  by  tensile  stress  of  the  second  series  have 
been  entirely  confirmatory  of  those  of  the  first  series  and  of  the  tests  by 
transverse  stress  of  both  series. 

The  appended  tables  contain  the  complete  records  of  the  tests  of  each 
bar.    The  following  table  presents  a  condensed  summary  of  results : 

Table  IX.— Second  Series— Alloys  of  Copper  and  Tin. 
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NOTES  ON  THE  TESTS  BY  TENSILE  STEBSS. 

No.  31. — As  was  shown  by  the  transverse  test  of  this  bar,  it  was  a  de- 
fective casting.  The  tensile  tests  also  gave  very  low  results,  and  they 
are  rejected  from  the  tables  and  from  the  curves  of  average  residts  of 
the  series  (Plates  II,  VII,  YIII).  Tlie  turned  surfaces  of  the  test- 
pieceB  from  this  bar  revealed  a  liquation  or  separation  of  the  metals 
into  two  aUoys,  or  possibly  a  heterogeneous  mixture  of  unalloyed  cop- 
per, with  an  alloy  containing  a  considerable  amount  of  tin.    The  turned 
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surface  was  in  geueral  of  a  copi)er-red  color,  not  at  all  dintiuguisliable 
from  the  appearance  of  pure  copper;  but  there  were  small  yellow  8pot6 
irregularly  distributed  over  the  whole  surface.  The  fractures  showed 
a  similar  appearance,  the  larger  portion  being  of  a  copper  color,  and  the 
remainder  consisting  of  a  few  yellowish-gray  spots.  The  turned  surfaces 
and  the  fractured  surfaces  also  contained  several  small  blow-holes. 

No.  32  (94.40  copper,  5.43  tin). — The  two  pieces  from  this  bar  gave 
very  similar  results,  which  show  a  fair  degree  of  strength  for  meta^  of 
its  composition  cast  in  the  ordinary  manner.  The  fractui'es  wei'e  of  a 
yellowish-red  color,  and  eaithy  structure,  and  contained  several  very 
small  blow-holes. 

No.  33  (88.40  copper,  11.59  tin). — The  two  test-pieces  showed  a  some- 
what greater  strength  than  those  of  No.  32.  The  fractured  surfaces  were 
of  a  reddish-yellow  color,  and  earthy  structure,  and  contained  several 
very  small  blow-holes.  Tnese  were  more  numerous  in  No.  32  A  than  in 
No.  32  B,  which  may  account  for  the  greater  strength  of  the  latter. 

No.  34  (82.72  copper,  17.33  tin).— The  average  of  the  two  tests  of  this 
bar  showed  considerably  greater  strength  than  No.  33,  but  the  piece 
from  the  bottom  of  the  bar  was  much  weaker  than  that  from  the  top, 
and  slightly  weaker  than  the  bottom  piece  of  No.  32.  This  does  not  ap- 
X>ear  to  have  been  due  to  liquation,  as  the  analyses  of  the  turnings  from 
the  two  tension-pieces  give  almost  precisely  similar  results,  which  diflfer 
but  little  from  the  original  mixture.  It  may  possibly  have  been  due  to 
a  more  imperfect  mixture  of  the  metals  in  one  portion  of  the  bar  than  in 
another,  causing  a  want  of  homogeneity,  which  is  partly  indicated  by 
the  appearance  of  the  fractured  surfaces.  The  fracture  of  No.  34  A  was 
chiefly  of  a  pinkish-gray  color,  similar  to  those  of  No.  7  and  No.  8  of  the 
first  series.  The  structure  was  very  finely  granular,  with  an  indistinct 
appearance  of  radiated  lines  of  cooling.  In  the  center  was  a  spot  about 
J  inch  in  diameter,  which  had  a  mottl^  mixture  of  the  pinkish-gray  and 
a  yellowish-gray  color.  The  fracture  of  No.  34  B  was  similar  to  that  of 
No.  34  A,  the  larger  part  of  the  surface  being  of  a  pinkish-gray  color 
and  fine  granular  structure,  but  without  any  i^iated  lines  of  cooling. 
It  also  contained  a  spot  in  the  center,  which  in  this  case  was  not  mottled, 
but  was  of  one  color,  a  reddish  or  brownish  gray. 

The  average  tensile  strength  of  the  two  pieces  from  this  bar  is  higher 
than  that  given  by  any  other  bar  in  this  series,  and  is  also  higher  than 
that  of  any  bar  in  the  first  series,  agreeing  in  this  resi>ect  with  the  re- 
sults of  the  transverse  tests. 

No.  35  (77.56  copper,  22.25  tin). — The  strength  of  this  bar,  as  shown  by 
the  tensile  tests,  was  much  less  than  that  of  No.  34.  The  fractures  have 
the  same  pinkish-gray  color  that  was  seen  in  No.  34,  but  a  shade  lighter. 
The  structure  shows  an  appearance  of  radiated  laminae,  very  close  and 
compact.  It  is  very  similar  to  that  of  No.  9  (69.84  copper,  29.89  tin)  of  the 
first  series,  but  the  color  is  entirely  different,  the  latter  being  nearly  a 
silver  white.  The  fractures  of  both  pieces  of  No.  35  were  precisely  alike, 
and  a  very  small  blow-hole  was  found  in  the  center  of  each. 

No.  36  (72.89  copper,  26.85  tin). — The  tensile  tests  of  this  bar  gave  re- 
sults agreeing  precisely  with  those  of  the  transverse  test,  showing  great 
brittleness  and  lack  of  strength.  The  fractures  were  similar  to  that 
obtained  by  transverse  test,  being  nearly  silver  white  in  color,  with  a 
faint  pinkish,  tinge,  and  a  smooth  radiated  structure. 

Bars  No.  36  to  No.  42  (43.99  copper,  55.91  tin)  inclusive,  were  all 
tested  with  their  original  rectangular  section  unaltered,  as  they  were 
too  brittle  to  be  turned  in  the  lathe  without  danger  of  breaking.  All 
of  these  bars  gave  much  trouble  in  setting  in  the  tensile;machine,  their 


TlSSTS   OF   METALS.  361 

brittleness  and  hardness  bein^  so  great  that  the  grips  of  the  machine 
would  not  firmly  hold  them.  Most  of  them  broke  in  the  grips,  and  the 
figures  representing  their  strengths  are  therefore  in  many  case8  perhaps 
too  low.  Several  tests  were  generally  made  of  each  of  the  brittle  pieces, 
and  the  maximum  result  is  considered  to  be  the  one  most  nearly  cor- 
rect. 

No.  37  (67.87  copper,  32.09  tin). — ^Both  tension  pieces  were  much 
weaker  than  those  of  No.  36.  The  fractures  were  similar,  but  the  color 
was  silver  white,  entirely  free  from  any  pinkish  shade. 

No.  38  (62.42  copper,  37.48  tin). — ^The  two  te^t-pieces  from  this  bar 
showed  considerable  dinerence  in  structure,  due  to  liquation,  which  has 
already  been  noticed  on  page  346.  The  fractiu^e  of  No.  38  A  was  exactly 
like  those  of  the  two  pieces  of  No.  37,  but  that  of  No.  39  was  of  a  dark- 
gray  color  and  stoi^y  structure,  similar  to  that  of  No.  12  (62.31  copper, 
37.35  tin)  of  the  first  series,  which,  as  before  observed,  haa  the  greatest 
density  of  the  series. 

No.  39  (57.87  copper,  42.05  tin). — ^The  average  results  given  by  the 
two  test-pieces  from  this  bar  show  it  to  be  the  weakest  of  the  series,  and 
agree  in  this  resi)ect  with  the  result  of  the  te«t  by  transverse  stress. 
The  fracture  of  No.  39  A  had  a  stony  structure,  and  the  color  was  a 
mottled  mixture  of  dark  gray  and  light  gray,  shoTiing  a  separation  into 
two  alloys.  That  of  No  39  B  was  light  gray  throughout  and  contained 
radiated  laminae. 

No.  40  (53.46  copper,  46.54  tin). — The  piexies  remaining  from  the  test 
by  transverse  stress  were  too  short  to  be  tested  by  tension. 

No.  41  (47.27  copper,  52.72  tin). — Three  pieces  were  tested,  giving 
various  results,  but  all  showing  great  weakness  and  brittleness.  Tlie 
fractures  of  all  the  pieces  were  alike  in  appearance,  being  light  gray 
in  color  and  of  stony  structure,  with  indistinctly  defined  ra<liated  lami- 
nation. 

No.  42  (43.99  copi)er,  65.91  tin). — The  results  of  the  two  test«  were 
similar  to  those  given  by  No.  41.  The  ftuctures  were  light  graj'  in  color, 
with  radiated  crystalline  structure.  The  analyses  of  chips  from  the  two 
tension  pieces  of  this  bar  showed  a  very  large  amount  of  liquation  to 
have  taken  place  in  the  casting.  This  would  scarcely  have  been  sus- 
I)ected  from  the  appearance  of  the  fractures. 

No.  43  (37.10  copper,  62.90  tin). — ^This  bar  was  much  softer  than  the 
bars  from  No.  36  to  No.  42,  and  the  tension-pieces  were  turned  in  the 
lathe  without  difficulty.  The  average  of  the  results  shows  a  very  little 
greater  strength  than  that  of  No.  42.  The  fractures  were  of  a  light 
gray,  with  large  radiated  prismatic  crystals. 

No.  44  (30.76  copper,  69.19  tin.) — ^The  two  tests  gave  results  which 
differed  considerably,  but  the  average  is  about  the  same  as  those  of  the 
two  tests  of  No.  43.  The  fractured  surfaces  also  showed  the  same  color 
and  structure. 

No.  45  (26.62  copper,  73.18  tin).— The  results  of  the  two  tests  differed 
similarly  as  those  of  No.  44,  but  both  tests  gave  much  higher  results 
than  the  average  of  the  latter,  indicating  an  approach  to  the  point 
of  "second  maximum"  strength  of  the  series.  This  was  also  shown  in 
the  tests  of  this  bar  by  transverse  stress.  The  fractures  were  of  a  light- 
gray  color  simUar  to  those  of  Nos.  42  to  44,  but  were  not  entirely  homo- 
geneous in  structure,  being  coarse  granular  at  the  exterior  portions  of 
the  surface  and  laminated  in  the  center. 

The  analyses  do  not  show  any  difference  in  composition  in  the  two 
ends  of  the  bar  sufficient  to  account  for  any  difference  in  strength  or  in 
appearance  of  'the  fractures. 
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No.  46  (22.10  copper,  77.58  tin). — The  average  of  the  two  tests  shows 
still  greater  strength  than  No.  45,  but  it  is  not  high  enough  to  confirm 
the  point  of  second  maximum  strength  which  was  shown  by  the  trans- 
verse tests,  as  it  is  surpassed  by  No.  49  and  No.  50.  The  second  maxi- 
mum of  both  transverse  and  torsional  tests  is  given  by  this  bar,  and  bar 
No.  21  (23.35  copper,  76.29  tin)  gave  the  second  maximum  in  the  first 
series  by  aU  three  methods  of  test.  The  results  of  the  test  of  No,  46  by 
tensUe  stress  must  therefore  be  regarded  as  exceptional,  in  so  far  as  they 
give  less  strengths  than  No.  49  and  No.  50.  The  curves  of  the  strengths 
of  the  series  by  the  dift'erent  methods  of  test,  moreover,  show  the  tensile 
test  of  No.  49  and  No.  50  to  give  higher  results  than  the  other  methods 
of  test  of  the  same  bar.  This  may  probably  be  accounted  for  by  the 
greater  rapidity  of  the  tests  of  No.  49  and  No.  50,  which  was  puri)08ely 
made  in  order  to  elinunate  the  eftect  of  flow  of  the  metal  with  time.  The 
pieces  of  No.  46  being  of  small  ductility,  the  ettect  of  time  was  not  so 
perceptible. 

The  fractures  of  No.  46  were  very  similar  to  those  of  No.  45,  showing 
want  of  homogeneity  of  stnicture,  part  being  granular  and  part  lam- 
inated. This  may  account  for  the  weakness  and  irregularity  of  strength, 
as  in  the  first  series,  the  second  maximimi  strength  was  associated  with 
a  homogeneous  granular  structure. 

No.  47  (16.70  copper,  83.23  tin). — Only  one  piece  was  tested  from  this 
bar.  No.  47  B,  the  other  having  been  broken  in  handling  before  being 
tested.  It  had  a  less  strength  than  either  of  the  pieces  of  No.  46,  and 
had  a  somewhat  similar  structure,  being  irregularly  lamellar  and  crys- 
talline. 

No.  48  (11.68  copper,  88.25  tin). — The  two  pieces  showed  very  little 
greater  strength  than  No.  47  B.  The  fractures  show  the  change  in 
structure  seen  in  those  of  the  first  series  just  before  the  metals  begin  to 
exhibit  great  ductility,  being  fine  granular,  with  small  brilliant  points 
scattered  over  the  surface. 

No.  49  (6.05  copper,  93.77  tin). — Both  test-pieces  gave  very  similar 
results  and  higher  than  the  average  of  No.  46,  thus  apparently  making 
No.  49  the  bar  of  second  maximum  strength  of  the  series,  as  stated  in 
remarks  on  the  test  of  No.  46.  These  pieces  showed  great  ductility,  the 
elongations  being  17  and  23  per  cent,  of  the  original  length.  The  se-ction 
was  also  greatly  i-educed,  and  the  resistance  to  stress  decreased  before 
rupture,  making  the  actual  tenacity  i)er  square  inch  of  the  fractured 
section  uncertain.  The  sams  fact  his  baen  conamented  upon  when  de- 
scribing tests  by  tensile  stress  of  the  first  series. 

No.  50  (2.11  copper,  97.6S  tin). — ^The  re>iulfcs  of  the  two  tests  of  this  bar 
were  similar  to  those  of  No.  49,  but  they  showed  a  somewhat  less  strength, 
with  a  much  greater  ductilitv',  the  elongations  amounting  to  39  and  41 
per  cent.  The  pieces  were  greatly  reduced  in  diameter  throughout  their 
whole  lengths,  and  their  surfaces  were  much  distorted  and  wrinkled. 
The  strength  of  the  bar  as  indicated  by  the  tensile  tests  is  much  greater 
than  that  shown  by  the  transverse  and  torsional  tests,  probably  on  ac- 
count of  the  shorter  length  of  time  occupied  by  the  fonner  method  of 
test. 

TESTS  BY  TORSIONAL  STRESS. 

The  tests  by  torsional  stress  of  the  second  series  of  copper  and  tin 
alloys  were  made  ui)on  the  Autographic  Recording  Torsion  Machine  de- 
scribed under  the  tests  of  first  series.     (Fig.  8,  page  324.) 
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In  making  teste  of  ductile  metals,  the  rate  of  motion  given  to  the  handle 
of  the  worm,  except  when  a  slow  or  a  rapid  motion  was  purposely  given 
to  determine  ite  effect,  was  as  uniformly  as  possible,  one  revolution  in 
10  seconds.  As  the  worm-wheel  contained  80  teeth,  this  caused  a  rate 
of  motion  of  the  axle  of  the  worm-wheel,  and  of  the  wrench  at  one  end 
of  the  test  specimen,  of  one  revolution  in  about  13  minutes.  In  testiag 
the  brittle  metals  and  the  ductile  metals  within  the  elastic  limit  the  rate 
of  motion  was  always  much  slower. 

The  autographic  strain  diagrams  obtained,  one  for  each  test,  accompany 
this  report,  and  tables  giving  the  strength,  ductility,  and  resilience  of 
each  specimen  as  calculated  from  the  diagrams,  are  appended. 

The  average  results  of  aU  the  test  specimens  obtained  from  each  bar 
are  given  in  the  following  table : 

Table  X.— Second  Sebies— Alloys  of  Copper  and  Tin. 

Tesia  ly  Torsional  Stress — Averages  of  Results  ealeulated  from  the  Autographic 
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It  will  be  seen  by  the  above  table  that  the  tests  by  torsional  stress 
confirmed  the  results  obtained  by  the  tests  by  transverse  and  tensile 
stresses,  and  also  those  obtained  from  the  tests  of  the  first  series. 

The  maximum  strength  is  given  by  No.  34  (82.72  copper,  17.33  tin). 
There  is  a  rapid  decrease  of  strength  from  No.  35  (77.56  copper,  22.25 
tin)  to  No.  36  (72.89  copper,  26.85  tin),  and  then  a  much  slower  decrease 
to  No.  40  (53.46  copper,  46.54  tin),  the  weakest  of  the  series.  From  this 
point  to  No.  46  (21.60  copper,  77.58  tin)  there  is  a  slow  and  somewhat 
irregular  increase  up  to  a  second  maximum,  and  from  No.  46  to  the  end 
of  the  series  another  decrease  to  the  second  minimum. 

Referring  to  the  autographic  strain  diagrams  and  the  appended  tables, 
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in  connection  with  the  above  table  of  average  results,  the  following  ob- 
servations may  be  made  on  the  tests  of  the  pieces  from  each  bar. 

No.  31,  Plate  LIV  (99.09  copper,  0.87  tin). — Four  pieces  were  tested^ 
all  of  which  were  defective  in  consequence  of  blow-holes  and  the  separa- 
tion of  the  metals.  The  results  are  therefore  rejected  in  the  table  of 
:final  summary  of  results  (Table  *— )  and  from  the  curves  of  strength 
of  the  series.  *  The  fractures  were  copper-red,  only  two  small  spots  of  a 
yellowish  alloy  being  found  in  one  of  them.  The  tamed  surfaces  showed 
the  same  appearance  which  was  noted  under  the  tensile  test,  viz,  a  num- 
ber of  yellowish  s^iots  scattered  at  intervals  over  the  otherwise  uniformly 
eopper-colored  surface,  indicating  a  separation  either  into  two  alloys,  or 
into  copi>er  and  one  alloy.  Its  strength  is  very  much  less  than  that  of 
the  copper  piece,  No.  30,  and  nearly  the  same  as  that  of  the  copi>er,  No. 
1,  which  was  oxidized  and  full  of  blow -holes. 

No.  32,  Plates  LIV,  LV,  LVI  (94.10  copper,  5.43  tin).— The  four  pieces 
tested  were  all  fair  specimens  and  gave  results  which  are  nearly  alike, 
the  maximum  torsional  moments  varying  from  150  to  165  foot-pounds, 
and  the  angles  of  torsion  ftt)m  153  to  207  degrees.  The  fractures  were 
all  similar,  being  of  a  vellowish-red  color  and  earthy  structure,  and  con- 
taining a  few  very  small  blow-holes. 

The  effect  of  long-continued  stress  was  tried  in  the  torsion  tests  of 
three  pieces  of  No.  32,  lettered  A,  B,  C.  No.  32  A  was  left  under  stress 
15  minutes,  and  No.  32  B  one  hour.  In  each  of  these  cases  no  change  of 
the  shape  of  the  diagram  could  be  detected,  the  i)encil  remaining  in  the 
position  in  which  it  was  left  during  the  whole  time.  No.  32  C  was  left 
for  26  hours,  after  it  had  been  t^visted  through  more  than  100  degrees. 
In  that  time  the  pencil  fell  less  than  one-tenth  of  an  inch,  indicating  a 
decrease  of  resistance  of  about  5  per  cent,  of  the  maximum  stress.  On 
resuming  the  test,  the  diagram  rose  again  to  just  beyond  its  original 
height. 

No.  33,  Plates  LVII,  LYIII  (88.40  copper,  11.59  tin).— The  four  pieces 
tested  gave  results  closely  agreeing  with  each  other,  showing  a  some- 
what greater  strength  and  a  much  less  ductility  than  No.  32.  The  frac- 
tures were  similar  in  color  and  texture  to  those  by  tensile  stress.  No. 
33  D  was  left  under  stress  for  15  hours  without  showing  any  fall  in  the 
diagram.  On  resuming  the  test  the  line  retained  the  same  direction  it 
had  before,  thus  showing  no  decrease  of  resistance  with  time. 

No.  34,  Plate  LVIII  (82.72  copper,  17.33  tin).— Four  pieces  were  tested, 
the  average  result  showing  the  highest  strength  of  the  series,  thus  con- 
firming the  results  shown  by  the  transverse  and  tensile  tests.  The  duc- 
tility' was  verj'  much  less  than  that  of  No.  33,  the  average  angle  of  torsion 
being  only  14  degrees.  The  fractures  were  of  a  pinkish-gray  color  and 
granular  structure.  All  of  the  fractures  showed  some  dark  brownish- 
yellow  spots  in  the  center,  indicating  a  want  of  homogeneity,  and  possi- 
bly a  lateral  separation  of  the  metals. 

No.  35,  Plate  LVIII  (77.56  copper,  22.25  tin). — Four  pieces  were  tested, 
gi\'ing  results  which  varied  considerably,  the  torsional  moment  of  No.  35 
B  being  215  foot-pounds,  and  that  of  No.  35  0  104  foot-pounds.  The 
lower  strength  of  No.  35  0  and  No.  35  D  may  possibly  be  aceounted  for 
by  the  method  of  making  the  tests,  as  with  these  pieces  a  special  experi- 
ment was  made  with  the  machine  to  determine  the  character  of  the  dia- 
gram made  by  a  very  rapid  motion  while  a  brittle  piece  was  under  stress. 
The  effect  is  seen  in  the  curvature  toward  the  horizontal  of  the  diagram 
of  No.  35  C,  and  in  the  irregularity  of  the  diagram  of  No.  35  D.  The 
average  result  of  the  four  tests  shows  a  considerably  less  strength  than 
that  of  No.  34,  as  was  also  shown  by  the  tensile  and  transverse  tests. 
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The  fractures  were  all  similar  in  appearance,  being  of  a  light-gray  color 
and  very  fine  granulat  structure. 

No.  36,  Plate  LIX  (72.89  copper,  26.86  tin). — ^Two  pieces  only  were 
tested  from  this  bar.  It  was  so  hard  and  brittle  that  it  could  not  be 
tamed  in  the  lathe  without  danger  of  breaking.  The  torsion  pieces  were 
therefore  shaped  by  grinding  on  an  emery  wheel,  as  were  those  from  J^o. 
37  to  Xo.  41.  They  were  groiuid  merely  to  a  circular  section  of  a  little 
less  than  one  inch  in  diameter.  The  strength  as  obtained  from  the  dia- 
gram is  reduced  to  equivalent  strength  of  a  piece  of  standard  size  (0.625 
inch  diameter)  by  di\iding  by  the  I'atio  of  the  cube  of  the  diameter  of 
the  piece  tested  to  the  cube  of  0.625. 

The  two  pieces  from  bar  Xo.  36  gave  nearly  similar  results,  the  strength 
being  less  than  one-fourth  of  that  of  the  average  of  No.  35.  The  diagrams, 
like  all  those  of  brittle  materials,  are  almost  straight  lines  slightly  incliuea 
from  the  vertical.  The  fractures  are  of  a  very  light  pinkish-gray  color, 
and  show  some  appearance  of  radiated  laminae  similar  to  the  fractures 
by  transverse  and  tensile  stresses. 

No.  37,  Plate  LIX  (67.87  copper,  32.09  tin).— Two  pieces  were  tested 
which  gave  considerably  less  strength  than  No.  36.  The  fractures  were 
brilliant  silver  wliite,  \itreous  and  conchoidal. 

No.  38,  Plate  LIX  (62.42  copper,  37.48  tin).— Two  pieces  were  tested, 
one  from  the  bottom  and  one  from  the  top,  which  gave  widely  different 
results.  No.  38  A  showed  a  torsional  strength  of  35.44  foot-iK)unds  of 
moment  (when  reduced  to  the  standard),  which  is  nearly  that  of  the 
average  of  the  pieces  from  No.  36.  The  fracture  was  almost  precisely 
similar  to  that  of  No.  37.  No.  38  B  gave  only  2.95  foot-pounds  torsional 
moment,  which  is  much  lower  than  that  of  any  piece  yet  noted.  Its 
fracture  showed  it  to  be  an  entirely  different  metal  from  No.  38  A,  being 
dark  gray  in  color  and  stony  in  structure,  closely  resembling  in  appearance 
the  fi^cture  of  No.  12  (62.31  copper,  37.35  tin)"  of  the  first  series,  the  bar 
of  maximum  density  as  before  described.  It  was  not,  however,  perfectly 
homogeneous  in  color,  some  portions  being  of  a  lighter  shade  of  gray 
than  others  and  less  brilliant. 

The  liquation  of  the  metals  in  this  bar  has  already  been  noticed,  and 
the  torsion  tests  fully  confirm  the  record  of  the  tests  by  tension.  No.  38 
B  showing  the  lowest  tensile  strength  of  the  series.  The  average  of  the 
two  results  gives  a  strength  less  than  that  of  No.  37  and  greater  than 
that  of  No.  39,  thus  making  no  irregularity  in  the  table  of  averages, 
given  above. 

No.  39,  Plate  LIX  (57.87  copper,  42.05  tin). — Only  one  piece  was 
tested  from  this  bar,  the  other  pieces  having  been  broken  in  turning  or 
shaping  on  the  emery  wheel.  Its  strength  was  much  less  than  the 
average  of  the  two  pieces  of  No.  38.  The  fracture  was  of  a  light-gray 
color,  with  a  stony  structure,  and  with  radiated  lines  of  cooling. 

No.  40,  Plate  LIX  (53.46  copper,  46.54  tin). — Two  pieces  were  tested, 
giving  an  average  strength  less  than  that  of  No»  39,  and  the  lowest  of 
the  series.  The  fractures  were  scarcely  distinguishable  from  that  of 
No.  39, 

No.  41,  Plate  LIX  (47.27  copper,  52.72  tin). — Two  pieces  were  tested, 
giving  results  nearly  alike,  the  average  being  much  higher  than  that  of 
No.  40.    The  fractures  were  very  similar  to  those  of  No.  39  and  No.  40. 

No.  42,  Plate  LIX  (43.99  copper,  55.91  tiu). — ^Three  pieces  were  tested, 
which  differed  considerably  in  strength,  the  pieces  A,  B,  and  C  giving 
torsional  moments  of  20.84, 16.11,  and  11.75  foot-pounds,  respectively. 
The  average  is  less  than  that  of  No.  41,  making  an  lYregularity  in  the 
table  of  averages.    The  weakness  of  the  pieces  No.  42  B  and  No.  42  0 


366  TESTS   OF   METALS. 

seems  to  be  caused  by  a  difference  in  structure,  tbe  fractures  of  these 
pieces  showing  confusedly  radiated  laminae,  while  that  of  'So.  42  A  is 
compact  and  stony,  similar  to  that  of  Ko.  41.  The  difference  in  strength 
and  appearance  is  fiiUy  accounted  for  by  the  analyses,  which  show  that 
a  great  amount  of  liquation  took  place  in  the  casting  of  this  bar,  the 
composition  of  top  and  bottom  varying  more  than  20  per  cent. 

No.  43,  Plate  LIX  (37.10  copper,  62.90  tin). — ^Four  pieces  were  tested, 
the  metal  being  soft  enough  to  be  turned  in  the  lathe  to  pieces  of  stand- 
ard size.  The  strength  was  quite  irregular,  and  the  average  was  less 
than  that  of  No.  42.  The  fractures  were  of  a  light-gray  color,  with 
large  radiated  prismatic  crystals. 

No.  44,  Plate  LX  (30.76  copper,  69.19  tin). — Four  pieces  were  tested, 
which  gave  results  widely  varying.  No.  44  A  had  a  maximum  tor- 
sional moment  of  only  683  foot-pounds,  and  No.  44  B  a  moment  of 
30.29  foot-pounds.  The  average  of  the  four  pieces  was  much  higher 
than  that  of  No.  43.  The  fractures  were  all  crystalline,  the  crystals  of 
No.  44  A  being  much  larger  than  those  of  the  other  pieces.  From  the 
fact  that  the  torsion  pieces  from  the  upper  end  of  each  of  the  bars,  Nos. 
44, 45, 46  and  47,  were  weaker  than  those  of  the  other  pieces  from  the  same 
bars,  it  appears  probable  that  the  weakness  is  due  either  to  difference 
in  pressures  of  the  molten  metal  at  the  top  and  bottom  of  the  mold,  or 
to  differences  in  the  rate  of  cooling,  or  possibly  to  both.  This  irregu- 
larity of  strength  of  all  the  white  crystalline  alloys  has  been  noted  al- 
ready in  the  tests  of  the  first  series. 

No.  4o,  Plate  LX  (26.62  coi)per,  73.18  tin). — ^Three  pieces  were  tested, 
showing  considerable  irregularity  in  strength,  No.  45  A  having  less  than 
half  of  the  strength  of  No.  45  0.  The  fractures  were  irregularly  lami- 
nated and  crystalline.  The  aA'erage  strength  was  much  higher  than  that 
of  No.  44,  showing  the  ai)Yiroacli  to  the  second  maximum  of  strength. 

No.  46,  Plate  LX  (22.10  co])i)er,  77.58  tin). — Four  pieces-*  were  teste<l, 
giving  an  average  strengtli  greater  than  that  of  No.  45,  and  showing  the 
point  of  second  maximum  strength  of  the  series,  which  confirms  the 
tests  by  transverse  stress.  The  piece  No.  46  A  had  a  much  less  strength 
than  either  of  the  other  i)ie(*es,  Init  it  does  not  affect  the  average  suflS- 
ciently  to  place  it  beloAv  the  second  maxinnnn.  The  fractures  were 
similar  to  those  of  No.  45. 

No.  47,  Plate  LX  (16.70  copper,  83.23  tin). — Four  pieces  were  tested, 
giving  a  somewhat  less  sti*ength  than  No.  4(i.  The  piece  No.  47  A  had 
only  17.35  foot-pounds  torsional  moment,  while  the  pieces  B,  C,  and  D 
had  27.59,  25.03,  and  27.59  pounds,  respectively.  The  frjU3tures  were 
largely  granular  in  the  center  and  laminated  at  the  edges. 

No.  48,  Plate  LXI  (11.68  copper,  88.25  tin). — Four  pieces  were  tested, 
which  all  gave  results  agreeing  very  closely.  The  average  strength  of 
the  four  pieces  is  a  little  higher  than  that  of  No.  47,  but  less  than  that 
of  the  three  pieces  of  No.  47  marked  B,  C,  D.  The  slight  irregularity 
in  the  decrease  of  strength  of  the  series  from  No.  46  to  No.  50  is  due, 
therefore,  entirely  to  the  exceptional  weakness  of  No.  47  A.  These  pieces 
exhibited  much  greater  ductility  than  No.  46.  The  fractiu'es  were  in  a 
plane  peri>endicular  to  the  axis  of  the  specimen,  a  characteristic  of  the 
torsional  fractures  of  all  ductile  metals.  They  were  of  a  light-gniy  color 
and  fine  granular  structure. 

No.  49,  Plates  LXI,  LXII,  LXIII  (6.05  copper,  93.77  tin).— The  four 
pieces  gave  an  average  strength  considerably  less  than  that  of  No.  48, 
confirming  the  law  of  gra<lual  decretise  tow^ard  the  end  of  the  series. 
They  were  very  ductile,  twisting  through  angles  of  from  125  to  221  de- 
grees before  breaking.    The  turned  surfaces  became  much  distorted  and 
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the  plane  surfaces  of  fracture  were  polished  by  nibbing  together  as  rup- 
ture took  pla<5e. 

No.  50,  Plates  LXIV,  LXY,  LXYI,  LXVII  (2.11  copper,  97.68  tin).— 
The  average  strength  of  the  four  pieces  tested  was  less  than  that  of  No. 
49,  giving  the  i)oint  of  second  minimum  strength  of  the  series.  The 
pieces  were  very  ductile,  twisting  through  325  to  424  degrees.  The 
turned  surfaces  and  surfaces  of  fractiu*e  were  similar  to  those  of  No.  49. 

In  testing  some  of  the  pieces  of  No.  49  and  No.  50,  experiments  were 
made  to  show  the  effect  of  rai)id  and  of  slow  motion,  and  of  leaving 
under  stress  for  a  length  of  time,  with  the  same  results  as  were  shown 
in  the  tests  by  torsion  of  the  ductile  metals  of  the  first  series,  and  also 
by  the  tensile  and  transverse  tests,  viz,  the  increase  of  resistance  to 
rapid  motion,  and  the  decrease  of  resistance  on  being  left  under  stress 
for  a  time.  The  diagrams  show  very  i)lainly  the  results  of  these  "  time 
tests." 

TESTS  BY  COMPRESSION. 

The  pieces  were  carefully  prepared,  like  those  of  the  first  series,  of  a 
uniform  size  of  2  inches  in  height  and  0.625  inch  in  diameter,  with  their 
ends  made  plane  surfaces  peipendicular  to  the  axis.  The  tests  were 
made  in  the  machine  (Fig.  6,  i>.  316),  to  which  an  attachment  had  been 
added  for  the  purpose.  The  measurements  were  made  with  great  ac- 
curacy by  means  of  the  apparatus  (Fig.  13)  described  on  page  348.  It 
was  found  that  the  point  and  moment  of  contact  could  be  determined 
more  rapidly  and  with  even  greater  accuracy  by  connecting  a  battery 
and  signal  and  letting  the  contact  of  the  end  of  the  micix)meter-screw 
complete  the  circuit. 

Tables  are  apx)ended  gi\ing  the  results  of  the  test  of  each  bar,  and 
the  following  table  (Table  Xa)  presents  a  summary-  of  all  results  of  these 
test^  of  alloys,  and  also  of  several  extra  bars  of  cast  copi)er : 

Table  Xa. — Second  Series— Alloys  of  Copper  and  Tin. 

Tests  hjf  Compressive  Stress. 
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The  following  observations  were  noted  in  connection  with  the  individual 
t€6te.    The  manner  in  which  they  yielded  under  the  pressures  applied  to 
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them  is  shown  in  Plate  XXI,  and  a  record  and  comparison  of  all  results 
of  both  series  is  given  by  the  curves  of  Plate  IV. 

The  increments  of  pressure  upon  the  test  pieces  were  1,000  pounds  for 
the  weaker  alloys  and  2,000  for  the  stronger,  which  for  a  diameter  of 
0.625  correspond  respectively  to  pressures  of  3,259  and  6,519  pounds  per 
square  inch. 

No.  31  (99.09  copper,  0.87  tin). — A  comparison  of  the  plotted  curves 
of  !N^os.  31  and  1  (copper)  shows  much  similarit^\  with  an  increased  resist- 
ance to  compression  on  the  part  of  Ko.  31.  The  test  was  ended  at  & 
pressure  of  81,485  x>ounds  per  square  inch  by  the  cracking  of  a  wedge- 
shaped  piece  at  the  top  and  a  similar  one  at  the  bottom.  The  compression 
at  this  point  wa«  0.8801  inch.  The  piece  was  considerably  bent.  The 
diameter  of  it«  oval  section  varied  from  0.79  to  0.84  inch. 

No.  32  (94.11  copper,  5.43  tin), — ITie  compression  of  the  piece  was  not 
measurable  until  it  had  been  subjected  to  a  pressure  of  19,557  x>ounds 
per  square  inch,  which  caused  a  compression  of  0.0001  inch.  At  26,075 
poimds  per  square  inch  the  compression  was  0.0108  inch,  its  apparent 
elastic  limit,  as  shown  by  the  curve,  being  near  this  pressure.  The  piece 
was  removed  after  being  subjected  to  a  pressure  of  130,379  pounds  per 
square  inch,  which  caused  a  compression  of  0.9330  inch.  It  was  much 
bent.  It  had  none  but  mere  surface  cracks.  Its  section  was  slightly  oval 
with  diameters  varying  from  0.80  to  0.86  inch. 

Nq.  33  (88.40  copper,  11.59  tin). — ^The  apparent  elastic  limit  was  at 
about  30,000  pounds  per  square  inch.  Under  a  pressure  of  32,595  pounds 
per  squai'C  inch  the  compression  was  0,0374  inch.  Beyond  this  point  the 
amount  of  compression  continued  very  nearly  proportional  to  the  pres- 
sure until  a  compression  of  0.6911  inch  under  a  pressure  of  143,417  pounds 
per  square  inch  was  reached,  when  the  piece  was  removed.  The  speci- 
men was  bent,  the  surface  quite  uniformly  mottled  or  wrinkled,  but 
showed  no  sign  of  fracture,  and  would  evidently  have  resisted  a  consid- 
erably greater  pressure  and  compression.  Its  section  was  nearly  circular 
aiid  had  increased  to  a  diameter  of  from  0.72  to  0.74  inch. 

No.  34  (82.72  copper,  17.33  tin). — The  first  point  at  which  a  marked 
change  in  the  direction  of  the  plotted  curve  can  be  observed  is  at  the 
pressure  of  58,671  pounds  per  square  inch,  which  gave  a  compression  of 
0.0268  inch.  A  pressure  of  71,709  pounds  per  square  inch  caused  a  com- 
pression of  0.0628  inch.  From  this  point  to  the  end  of  the  test  the  com- 
pressions, as  shown  by  the  curve,  were  proportional  to  the  pressures^ 
The  greatest  compression  obtained  was  0.3821  inch,  caused  by  a  pressure 
of  136,898  pounds  per  square  inch.  A  pressure  of  143,417  pounds  per 
square  inch  caused  a  wedge,  whose  base  was  theftill  size  of  the  diameter 
of  the  piece,  to  separate  firom  the  top,  the  pressure  ui>on  the  surfaces  as 
they  slid  upon  each  other  biu^nishing  them.  A  semi-cylindrical  piece 
about  0.4  inch  in  height  flew  ofl:'  Irom  the  bottom.  Cracks  extended 
upward  to  the  middle.  The  piece  was  but  slighly  bent.  The  diameter 
had  increased  to  from  0.67  to  0.69  inch. 

No.  35  (77.56  copper,  22.25  tin). — This  piece  proved  to  be  the  strongest 
of  either  series.  It  withstood  pressures  up  to  91,260  pounds  per  square 
iuQh  and  a  compression  of  0.0190  inch  before  the  ratio  of  compression  to 
pressure  began  to  increase  and  to  show  that  the  apparent  limit  of  elastic- 
ity had  been  passed.  The  piece,  however,  \^ithstood,  without  yielding, 
the  utmost  pressure  that  could  be  brought  to  bear  upon  it  by  the  testing- 
machine.  The  maximum  compression  was  0.2027  inch,  produced  by  a 
pressure  of  149,932  pounds  per  square  inch.  The  surface  was  slightly 
wrinkled  and  showed  a  few  siuface  cracks.    A  bend  could  be  just  dis- 
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tingaished.  The  section  remained  circular  and  measured  0.69  inch  in 
diameter. 

No.  36  (72.89  copper,  26.85  tin)  to  Xo.  42  (43.99  copper,  55.91  tin)  gave 
no  definite  results,  as  they  crumbled  under  slight  pressure. 

No.  43  (37.10  copi>er,  69.19  tin). — This  piece  was  weak  sind  brittle.  A 
pressure  of  6,519  pounds  caused  a  compression  of  0.0051  inch.  On 
adding  the  next  weight,  which  brought  to  bear  a  pressure  of  13,038 
pounds  per  square  inch,  the  bottom  crumbled  into  fragments.  The 
upper  portions  were  unchanged  in  appearance  or  size. 

No.  44  (30.76  copper,  69.19  tin)  behaved  in  the  same  manner  as  No. 
43.  It  was  somewhat  stronger,  sustaining  a  pressure  of  13,038  pounds 
per  square  inch  and  a  corresponding  compression  of  0.0081  inch.  A 
pressure  of  16,297  pounds  per  square  inch  was  brought  upon  it,  which 
it  resisted  just  long  enough  to  lift  the  scale-beam,  when  it  yielded  by  i)ieces 
breaking  from  the  top.  The  surface  presented  a  slightly  wrinkled 
appearance  and  the  diameter  was  increased  to  0.61  inch. 

No.  45  (26.62  copper,  73.18  tin)  was  similar  to  No.  44,  but  somewhat 
more  yielding,  a  pressure  of  13,038  x)ounds  compressing  it  0.0182  inch. 
A  pressure  of  16,297  x)ounds  per  square  inch  had  just  raised  the  scale- 
beam,  when  pieces  broke  from  the  middle  of  the  specimen.  The  diam- 
eter and  the  appearance  of  the  remaining  portion  was  imchanged. 

No.  46  (22.10  copper,  77.58  tin)  behaved  much  like  Nos.  44  and  45,  but 
showed  a  little  more  ductility.  A  pressure  of  13,038  i)oimds  per  square 
inch  caused  a  compression  of  0.0227  inch.  It  was  crushed  by  a  pressure 
of  16,297  pounds,  which  forced  off  wedge-shai)ed  pieces  near  the  bottom. 
The  upper  portion  of  the  sjiecimen  was  not  changed  in  diameter  or 
appearance. 

No.  47  (16.70  copper,  83.23  tin)  was  weak  and  brittle;  a  pressure  of 
6,519  pounds  per  square  inch  caused  a  compression  of  0,0051  inch. 
Under  a  i)re8sure  of  9,778  pounds  per  square  inch  wedge-shaped  pieces 
broke  out  from  the  middle. 

No.  48  (11.68  copper,  88.25  tin). — This  piece  was  very  weak,  but  less 
brittle  than  the  four  preceding  si>ecunens.  A  i)ressure  of  9,778  pounds 
per  square  inch  compressed  it  0.0611  inch.  A  pressure  of  13,038  pounds 
per  square  inch  caused  it  to  yield  in  three  portions ;  the  top  and  bot- 
tom parts  being  wedge-sluii)ed,  with  the  points  of  the  wedges  meeting, 
and  having  bases  the  full  size  of  the  diameter  of  the  specimen,  and  the 
remaining  or  middle  portion  being  in  one  piece,  and  the  whole  welded 
together. 

No.  51  (cast  copper). — A  pressure  of  19,557  pounds  per  square  inch 
caused  a  compression  of  0.0O89  inch.  A  pressure  of  26,075  x>ounds  per 
square  inch  caused  a  compression  of  0.0573  inch.  The  change  in  the  curve 
which  seemed  to  mark  the  elastic  limit  oc^^urs  between  these  two.  Be- 
yond the  last-named  observation,  and  until  the  piece  was  removed,  the 
ratio  of  compression  to  pressure  continued  nearly  constant,  as  is  shown 
by  the  plotted  record,  which  is  nearly  a  straight  line  up  to  the  point  cor- 
responding to  a  pressure  of  71,705  pounds  per  square  inch,  where  an  in- 
crease of  resistance  is  observ^ed.  The  maximum  pressure  was  104,303 
pouncb)  l>er  square  inch  and  the  maximum  compression  was  1.0308  inch. 

No.  52  (cast  copper)  offered  a  resistance  very  similar  to  No.  51.  The 
apparent  elastic  limit  was  between  the  same  pressures.  The  pressure 
was  carried  up  to  91,266  pounds  per  stiuare  inch,  causing  a  comi)ression 
of  0.9628  inch.  The  piece  flattened  and  bent  considerably.  The  si»ction 
was  oval,  and  the  diameters  varied  from  0.84  to  0.91  inch. 

No.  53  (cast  copi)er)  showed  greater  resistance  to  compression  than 
either  Nos.  51  and  52.    A  change  in  direction  of  the  plotted  curve  occurs 
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at  the  sanio  pressures  as  noted  in  the  last-named  tests,  but  it  is  not 
marked,  the  line  showing  a  gradual  curve  ui>  to  55,000  i)ounds  per 
square  inch.  The  maximum  pressure  applied  was  97,785  pounds  per 
sqnare  inch,  and  the  compression  caused  by  that  pressure  was  0.8244 
inch. 

ANALYSES  AND   SPECIFIC  GRAVITIES. 

The  following  tables  give  the  results  of  the  chemical  analyses  and  de- 
terminations of  specific  gravity  which  were  made  of  i)oitions  of  each  bar 
tested,  in  both  the  first  and  second  series. 

Tlie  analyses  were  made  from  the  turnings  and  chips  made  in  shaping 
the  specimens  for  test  by  tensile  stress,  two  samples  for  analysis  being 
thus  taken  from  each  bar.  In  some  cases  in  which  liquation  was  plainly 
seen  from  the  appearance  of  the  fracture,  analyses  were  made  of  three 
portions  of  the  bar. 

The  specific  gravity  determinations  were  made  of  pieces  weighing 
from  50  to  75  grammes,  taken  ft^m  the  cjiindrical  portion  of  the  broken 
tonsile-test  pieces.  Tlie  pieces  of  the  more  ductile  specimens  wei-e  taken 
from  the  ])ortion  of  the  test-piece  farthest  from  the  point  of  fracture, 
and  therefore  least  distorted  by  the  stress.  Care  was  taken  to  secure 
pieces  as  free  from  blow-hole«  as  possible,  but  in  some  cases  this  could 
not  be  done,  and  the  results  are  therefore  too  low,  as  those  which  are 
indicated  in  the  tables  by  an  asterisk. 

In  determining  the  specific  gravities,  the  pieces  were  first  washed  in 
alcohol  to  free  them  from  any  dirt  or  grease  which  might  be  attached  to 
them,  and  then  thoroughly  dried.  The  weighings  were  made  on  a  Becker 
&  Sons's  chemists'  balance,  which  was  sensitive  to  j^  of  a  milligrauuiie. 
Before  weiging  in  water,  the  pieces  were  boiled  for  two  or  three  hoin^  to 
remove  as  far  as  possible  the  air  inclosed  in  the  pores  of  the  metal,  and 
after  cooling  in  tJie  dish  in  which  they  were  boiled,  they  were  placed 
under  the  receiver  of  an  air-pump,  and  the  air  was  further  exhausted. 
They  were  then  rapidly  transferred  to  the  beaker  of  distilled  water,  in 
which  they  were  weighed,  being  suspended  by  a  loop  of  very  fine  plati- 
num wire  from  the  arm  of  the  balance.  The  water  in  which  they  were 
weighed  was  always  kept  at  the  same  level,  and  the  proper  correction 
was  made  for  the  weight  of  the  platinum  wire. 

The  results  given  in  the  table  are  corrected  for  the  temperature  of  the 
water,  being  relucedto  the  standard  of  water  of  maximum  density  (39^.1 
Fahr.). 

It  will  be  seen  that  the  bars  which  have  been  described  under  the  re- 
mai'ks  on  the  tests  as  being  full  of  blow-holes  give  low  specific  gra\ities, 
and  it  seems  probable  that  all  the  figures  of  all  the  bars,  from  [NTo.  1  to 
No.  9  and  No.  30  to  No.  34,  are  lower  than  the  true  specific  gravities  of 
the  m<ital. 

To  determine  the  eflFect  of  the  porous  structure  in  reducing  the  appar- 
ent specific  gravity,  a  special  determination  was  made  of  No.  6  A  (87.15 
coi)per,  12.69  tin)  in  the  shape  of  turnings.  It  will  be  remembered  that 
the  test  s|>ecimen  with  this  number  showed  a  separation  of  the  metals 
into  two  distinct  alloys,  w^hich  appealed  intimately  mixed  in  the  fractured 
surface.  The  piece  whose  specific  gravity  was  determined  to  be  only 
8.408  as  given  the  tables,  was  apparently  free  from  blow-holes  of  any 
appreciable  size,  but  the  nraicture  had  a  porous  api)earanoe.  Five  turn- 
ings were  madeftom  the  same  piece,  and  their  density  was  determined 
by  the  specific^gravitj^  bottle,  and  also  by  weighing  them  in  water  in  a 
small  dish  of  platinum  foil  suspended  ftt)m  the  arm  of  the  balance.  Con- 
siderable diffiddty  was  experirjnoed  in  removing  the  air-bubbles,  and  it 
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was  only  after  several  boilings  and  exhaustions  with  the  air-piimp  that 
constant  weighings  were  obtained,  the  apparent  specific  gravity  increas- 
ing as  the  air  was  more  perfectly  removed.  The  result  finall}^  obtained 
was  a  density  of  8.943,  corrected  for  the  expansion  of  water,  and  this  fig- 
ure was  obtained  by  both  methods. 

The  density  of  turnings  from  the  ingot-copper  used  in  making  the 
alloys  was  in  like  manner  determined  to  be  8.874. 

A  marked  difference  is  seen  between  the  density  of  the  copi)er  bar 
"No.  1  and  that  of  No.  30,  which  corresponds  to  their  difference  in  other 
properties. 

In  averaging  the  figures  obtained  for  the  column  of  mean  specific  gravity 
Kos.  2  A,  6  A,  and  31  A  are  rejected,  as  the  figures  obtained  for  them 
are  evidently  much  lower  than  their  true  specific  gravities. 

The  bars  which  exhibited  liquation  also  show  a  great  difference  in 
specific  gravity  in  the  top  and  bottom  of  the  bar,  corresponding  to  the 
difference  in  composition. 

In  bar  No.  38  (62.42  copper,  37.48  tin),  the  mean  specific  gravity  is 
taken  to  be  that  of  the  piece  from  the  middle  of  the  bar  No.  38  C,  as  the 
composition  of  this  piece  agrees  more  nearly  than  the  other  portions  of 
the  bar  with  the  original  mixture,  and  this  composition  nearly  corre- 
sponds  to  the  maximum  density  shown  by  No.  12. 
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Tablk  XI.— Firat  Series— Alloys  of  Copper  asd  Tix. 
Analyses  and  Specific  Gratiiiea. 


Original  itaix- 
taie. 


Analysis. 


Number. 


o 


1  A 
B 

9A 
B 

3  A 
B 

4  A 
B 

5  A 
B 

6A 
B 

7  A 
B 

8  A 
B 

9A 
B 

10  A 
B 

11  A 
B 

ISA 

.   B 

13  A 
B, 
A, 
C 
B 
A 
B 
A 
B 
A 
B 
A. 
C  . 
B. 
A, 
C  . 
B. 
A. 
B 
A. 
B 
A. 
B. 
A. 
B 
A. 
B. 

25  A. 
B 

86  A, 
B. 

27  A, 
B. 

88A. 
B. 

99A. 
B. 

30  A. 
B. 


14 


15 
16 
17 
18 


19 


20 
21 
28 
83 
84 


100.00 

100.00 

98.10 

Ot^.  10 

96.87 

96.97 

9.2.80 

92.80 

90.00 

90.00 

86.. ■47 

86.57 

80.00 

^O.UO 

76. 3i 

76.32 

70.00 

70.00 

6a85 

68.85 

65.00 

65.00 

61.  "71 

61.71 

56.32 

56.33 

51.80 

51.^0 

51.80 

47.95 

47.95 

44.63 

44.63 

41.74 

41.74 

39.80 

39. 'JO 

39.20 

34.95 

34.95 

34.95 

28.72 

28.72 

24.36 

24. 3H 

81.18 

81.18 

15.19 

15.19 

11  M 

11.84 

9.70 

9.70 

4.29 

4.29 

1.11 

1.11 

0.557 

0.  557 

0.00 

0.00 

100. 0<) 

100.00 


H 


0  00 
0.00 
1.90 
1.95 
a73 
a  73 
7.30 
7.80 
10.00 
10.00 
1:143 
13.43 
80.00 
80.00 
23.68 
9:).  68 
30.00 
30.00 
31.75 
31.75 
35.00 
3&00 
3(1.89 
38.89 
43.68 
43.68 
48.80 
51.80 
48.20 
52.05 
52.05 
55.37 
55.37 
58.26 
5a  26 
60.80 

.^.  an 

60.80 
65w05 
34.95 
65.05 
71.28 
71.28 
75l62 
75. 'RJ 
78.82 
78.82 
84.81 
84.81 
88.16 
88.16 
90.30 
9(^30 
95.  71 
9&71 
98.89 
9&89 
99.443 
99.  443 
100.00 
100.00 
0.00 
0.00 


& 

o 
O 


97.95 
97.83 
96.16 
95.96 
92.14 
92.07 
90.11 
90. 4^1 
87.15 
87.15 
80.99 
80.90 
76.67 
76.60 
69.90 
69.77 
6a  50 
6a  57 
65.31 
65.36 
61.83 
08.79 
56.58 
56.82 
69.87 
3a4l 
51.68 
47.78 
47.49 
44.69 
44.49 
45.93 
3a  83 
43.37 
38.37 
4a  36 
40.32 
34.22 
40  24 
26.57 
35.19 
92.80 
2at-9 
20.38 
90.91 
l.\  19 
15.04 
11.49 
11.48 
a  89 
a32 
a  70 

a  74 

0.75 
0.72 
0.32 
a  3:2 


a 
H 


Variation  of 
composition. 


Mean  analysis. 


c 
O 


1.88 
1.92 
a  71 

a80 

7.64 

7.76 

9.66 

9.50 

12.69 

19.77 

18.92 

ia75 

9a  94 

2a  2:^ 

29.85 
29.92 
31.21 
31.30 
34.47 
34.47 
37.74 
36.96 

4.au 

4a  22 
37.58 
61.04 
48.09 
51.99 
52.29 
55.15 
5.'&.41 
53.80 
60.79 
56.37 
61.32 
56.40 
50.46 
65.80 
59.44 
7a  08 
74.51 
7^89 
75.68 
79.6;) 
79. 62 
84.58 
84.65 
8a  44 
8a  50 
91.12 
91.66 
96.30 
96.:i2 
9a  98 
99.06 
99.46 
99.45 


$: 

S. 

§• 

a 

o 

H 

> 
tf 


s 

9& 


l-t- 


0. 
u. 
0. 

0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 


+  2- 

-  0. 
_  0. 

,+  0. 

+  2- 
+  2- 
+  ?• 

+  S- 

4-0. 

4-10. 

_ia 

_  0. 

-  0. 
_  0. 
_  0. 

-  0. 

tk 

4. 
5. 
0. 
5. 

2. 

a 

1. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1. 

0. 
0. 
0. 
0. 
0. 
0. 


+ 


15 

27 
11 
31 
56 
73 
11 
43 
58 

:>8 

99 
90 
35 
28 
10 
23 
34 
32 
31 
36 
19 
08 
96 
50 
47 
39 
18 
23 
46 
01 
21 
19 
91 
17 
83 
16 
37 
73 
29 
15 
61) 
58 
49 
90 
97 
07 
15 
35 
36 
88 

:i8 

59 
55 
36 
.')9 


-  ao2 

-f  0.  02 
-0.02 
0.07 
0.64 
0.56  I 
0.34 
0.50 
0.74  I 
-0.66 

-  1.08 

-  1.95  I 

-  0.44 
'-  0.  45  i 

-  0. 15  I 
-0.08 
-0.54 

-  0. 45  , 

-  0. !«  ' 

-  0.53  ; 
-0.55 

-  1.33  I 

-  0.  57  I 
-0.46 
710.62  I 
+19.84 

-  0. 11  ' 
7  0.06  I 
+  0.94  , 
-0.99 
-H  0.04  I 

-  4.  46 
4-  2.53  ' 

-  4.43  ] 
4-  0.  .'S8 

-  4.  40  i 

-  aso  I 

+  0. 75  : 

-  .'V.Ol  I 
L80  , 

a  93  ! 

L97  , 
0.06 
0.81 
0.80 
0,23 
0.16 
0.38 
0.34 
0.82 
1.36 
0.59 
4-  0.61 
0  09 
0.17 


1 97. 89 
$96.06 
|92.11 
1 90. 37 
1 87.15 
|80.95 
1 76. 64 
^60.84 
|6a56 
|65.34 
1 62.31 
1 56. 70 

(51.69 

1 47. 61 

|44.52 
|42.38 

3a  37 


34.99 


937  +  0. 017 
237  4-  0. 007! 


1.90 

a  76 

7.80 

9L58 

19.73 

IF.  84 

9a  24 

89.89 

31.96 

34.47 

37.35 

4a  17 

4a  09 

Si.U 
55.28 

57.30 

61.39 
65.80 


|9&85 

7a  80 

|8a35 

7a  89 

|80.95 

79.63 

|l5  08 

84.68 

1 11. 49 

88.47 

\  a57 

91.39 

I  a79 

96.31 

}  0.74 

99.02 

I  0.38 

99.46 

e 


a  487* 
aOM*! 
&564  , 
f.699 

K.  3Sf9 
8.6i4!l  , 
a  790  ' 
K.6J5  , 
a  703 
a4C8» 
8,681 
8.  tSS 

a  721 ' 

8.  &.V5* 
a  572* 
8.935  I 

8.92!? 
a  938 

a  0  J7 1 

a9i4 

8.969 
8.971  i 
8.969 
a728 
8.635 
a  944 
a  909  I 
a533  ' 
a  462  ! 
a  422 
a395 
a  929 
a  593 

a  081 

iaiGo  ^ 
a  903'  J 
r&036 

\  7*989 
C  7.956 
)  7. 940 
(  7.813 
[  )  7.  >*56 
<  7. 757 
)  7. 783 
(7.669 

7.644 

7.591 

7.582 
C  7. 515 

7.401 

7. 318 

7.311 

7.999 
(7.299 
>7.299 
997 
289 

a  797 

a  785 


8. 481* 
e.564 

a6« 
&e94 

aea 

p.  681 
a  748 
a  565* 

aas 

asse 

a947 

ano 
aodi 

&56e 

a4fi 
a  319 
a  301 

aia 


.&013 
{7.948 


J 


1 


\l 


7.83S 

7.r«i 

7.657 
7.5a 

7.48T 

7.aeii 

7.306 

7.fl9 

7.893 

}a79l 


5 


*  The  figur(»8  marked  with  a  star  In  the  colamns  of  speciflo  gravities  are  mnch  lower  than  the  tne 
specific  gravities,  iu  consequence  of  the  presence  of  blow-holfs.  The  specific  fotivity  of  Xo.  6  A  wm 
re-deterniiiied  in  the  Hhape  of  fine  tamiugs,  and  fuand  to  be  8.943.  A  determination  of  tbespeciiic 
gravity  of  fine  turnings  of  the  ingot-copper  used  in  this  series  was  also  made,  giving  the  result  a874. 
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Table  XII. — Second  Series— Alloys  of  Copper  and  Tin. 

Analyses  and  Specific  Gravittes. 


Hamber. 


31 


33 
SI 


37 
18 


39 


41 


44 


47 


» 


A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

C. 

B. 

A. 

C. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

A. 

B 

A. 

B. 

A. 

B. 

A 

B. 

A. 

B. 

A. 

B 

A. 

B. 


Ori^^nal 
mixture. 


Copper. 


»7.5 
97..^ 
lhL5 
lhe.5 
87.5 
87.5 
8S.5 
S^  5 
77.5 
77.5 
72.5 
7i5 
G7.5 
67.5 
6i.5 
6-i.b 
GS.5 
57.5 
57.5 
57.5 
53.5 
52.5 
47.5 
47.5 
4i5 
42.5 
37.5 
37.5 
32.5 
32.5 
27.5 
87.5 
22.5 
29  5 
17.5 
17.5 
12.5 
12.5 
7.5 
7.5 
2.5 
2.5 


Tin. 


2.5 
2.5 
7.5 
7.5 
12.5 
12l5 
17.5 
17.5 
22.5 
22.5 
27.5 
27.5 
32.5 
32.5 
37.5 
62.5 
37.5 
42.5 
07.5 
42.5 
47.5 
47.5 
52.5 
52.5 
57.5 
57.5 
62.5 
62.5 
67.5 
67.5 
72.5 
72.5 
77.5 
77.5 
82.5 
82.5 
87.5 
87.5 
92.5 
92.5 
97.5 
97.5 


Analysis. 


Copper. 


99.40 
9^79 
93.98 
94.23 
88.35 
88.46 
82.72 
82.69 
77.41 
77.71 
72.85 
7A94 
67.66 
68.  OS 
67.50 
63.69 
55.99 
64.21 


51.54 
56.83 
50.10 
47.10 
47.43 
55.21 
32.77 
37.62 
36.58 
33.66 
27.66 
2^64 
26.61 
22.09 
22.11 
16.74 
16.66 
11.67 
11.70 
6.07 
6.03 
2.18 
2  03 


Tin. 


0.52 
1.22 
5.47 
5.39 
11.61 
11.57 
17.33 
17.34 
22.27 
22.2) 
28.80 
26.9;) 
32.32 
31.98 
32.32 
36.27 
43. 8:* 
35.56 


Variation  of 
coiiipoeition. 


Copper. 


48.54 
4.-).  21 
49.88 
52.86 
52.  :9 
44.80 
67.02 
62.36 
63.44 
66.01 
72.37 
73.15 
7a  20 
77.62 
77.54 
83.11 
83.36 
8&25 
88.24 
93.75 
93.79 
97.60 
97.77 


+1.90 

+  1.29 

+1.48 

+1.73 

+0.85 

+0.96 

+0.22 

+0.19 

-0.09 

+0.21 

+0.35 

+0.44 

+0.16 

+0.58 

+  0.509 

+  1.19 

-6.51 

+6.71 


-5.96 
+4.33 
-2.40 
-0.40 
-0.07 
rl2.71 
-9.73 
+  0.12 
-0.92 
+1.36 
-4.84 
-0  86 
-0.89 
-0.41 
-a  39 
-0.76 
-0.84 
-0.73 
-0.80 
-L4:i 
-1.47 
-0.32 
-0.47 


Tin. 


-1.98 
-1.28 
-2.03 
-2.11 
— 0.e9 
-a  93 
-0.17 
-0.16 
-0.23 
-0.27 
-0.70 
-0.60 
-0.28 
-0.  52 
-5wl8 
-1.23 
+6.35 
-6.94 


+6.04 
-4.04 
+2.38 
+0.36 
+0.09 
-12.70 
+9.52 
-0.14 
-(0.94 
-1  49 
+  4.87 
+0.65 
+a70 
+0. 12 
+0.04 
+0.61 
+0.86 
+0.75 
+0.74 
+L25 
+  L29 
+0.10 
+0.27 


Mean  analysis. 


Copper. 


1 90. 09 

|94.11 
£8.41 
82.70 

1 77. 56 
72.89 

^67.87 

62.42 


I 


57.88 

.'».46 
47.27 
43.99 
37.10 
30.76 
26.6:i 
^10 
16.70 
11.69 
6.05 
2.11 


Tin. 


0.87 
5.43 
1L59 
17. 34 
22.25 
26.85 
32.10 

37.48 

42.05 

46.55 
52:72 
55.91 
62.90 
69.19 
7J  17 
77.58 
83.23 
88.24 
93.77 
97.68 


Specific 
gravity. 


Mean 
specific 
gravity. 


I 


a  511 

&684 
&648 
&793 
a  917 
a  925 
8.907 

a956 

a  781 

a  043 
a446 

a4?7 

8.101 
7.931 
7.915 
7.774 
7.690 
7.543 
7.417 
7.342 


GENBAL  SUMMARY  OP  RESULTS. 


The  following  table  exhibits  a  condensed  summary  of  results  of  all  the 
tests  which  have  been  made  in  both  series  arranged  in  the  order  of  their 
composition  by  original  mixture. 

The  results  under  the  heads  of  "  Tests  by  tensile  stress  ^  and  "  Tests 
by  torsional  stress"  are  the  averages  of  the  results  of  the  tests  of  the  two 
CMT  four  specimens  bearing  the  same  numbers,  but  in  all  cases  rejecting 
teste  of  <lefective  specimens  except  bar  Ko,  1,  which  is  retained  for  com- 
parision  with  bar  !No.  30. 
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REMARKS  UPON  THE  GENERAL  SUMMARY  OF  RESULTS. 

From  the  results  recorded  in  the  above  table  a  number  of  curves  have 
been  plotted  (Plates  VII  to3>XI),  by  inspection  of  which  the  relatione 
existing  between  the  compositions  of  the  alloys  of  copper  and  tin,  their 
density,  strength,  ductility,  and  other  properties,  may  be  seen  more 
plainly  than  from  the  Hgures.  These  curves,  and  the  figure*  from  which 
the}^  were  plotted,  will  now  be  discussed  in  order. 

VARIATION  OF  COMPOSITION  BY  ANALYSIS  FROM  COMPOSITION  BY 
ORIGINAL  MIXTURE,  AND  LIQUATION  OR  SEPARATION  OF  THE 
METALS. 

From  the  figures  given  in  the  tables  of  analyses  and  specific  gravities 
(pages  372, 373).  under  the  head  of  "  Variation  of  comjwsition,"  a  diagram 
has  been  plotted  to  show  what  relation,  if  any,  tliis  variation  of  composition 
bears  to  the  percentages  of  copper  and  tin  in  the  original  mixture.  The 
diagram  does  not  indi(iate,  however,  that  this  variation  follows  with  cer- 
tainty any  regular  law  dependent  upon  the  percentage  of  the  metals. 
In  general  there  appears  to  be  a  greater  loss  of  tin  than  of  copper  in  the 
bars  which  contain  the  greater  percentages  of  copper,  and  a  greater  loss 
of  copper  than  of  tin  in  the  bars  which  contain  the  larger  percentages  of 
tin,  and  that  the  bars  which  contain  about  equal  amount^s  of  the  two 
metals  show  great  tendency  to  liquation. 

In  the  alloys  which  contain  less  than  35  per  cent,  of  tin  by  original 
mixture  there  is  a  greater  loss  of  tin  than  of  copper,  with  but  three  ex- 
ceptions. In  the  alloys  containing  more  than  70  per  cent,  of  tin  there 
is  a  greater  loss  of  copper  than  of  tin,  with  only  one  exception.  In  all 
of  the  alloys  of  these  two  classes  the  extreme  variation  of  a  single 
analysis  from  the  original  mixture  is  3.6  per  cent.,  and  generally  it  is 
less  than  one  per  cent.  In  the  alloys  between  these  limits,  or  those  con- 
t^'iiuing  between  35  and  70  per  cent,  of  tin,  there  are  some  bars  which 
show  great  amounts  of  liquation,  and  others  which  show  very  little. 
The  diagram  at  this  portion  of  the  series  is  consequently  very  irregular, 
and  fails  to  indicate  any  definite  law. 

It  only  seems  to  show  that  in  these  compositions  there  is  a  great 
tendency  to  liquation,  which  may  or  may  not  take  place,  according  as 
certain  precautions  are  observed  in  casting.  In  the  bars  whose  analyses 
showed  a  great  amount  of  hquation  it  was  uniformly  the  case  that  the 
upper  parti  of  the  bar  contained  the  larger  percentage  of  copper,  and 
from  the  appearances  of  the  fractures  of  difterent  i)ortion8,  the  variations 
in  hardness  and  other  properties,  as  well  as  some  analyses  and  determi- 
nations of  density  made  of  difl:erent  portions  of  the  bar,  it  api>ears  that 
there  was  a  regular  increase  in  percentage  of  copper  from  the  bottom  to 
the  top,  and  that  there  was  no  distinct  plane  of  separation  between  two 
dilierent  but  definite  compositions.  In  two  cases  the  ditt'erences  in  com- 
l)osition  of  the  top  and  bottom  of  the  bar  amounted  to  more  than  20  per 
cent. 

In  two  cases  there  appeared  to  be  lateral  liquation  or  separation  of 
the  metals  in  such  a  manner  that  the  exterior  of  the  bar  contained  a  less 
amount  of  tin  than  the  interior.  The  first  of  these,  l^o.  18  (38.37  cop- 
per, 61.32  tin),  contained  by  original  mixture  39.20  copper,  60.80  tin. 
The  analyses  of  the  turnings  from  the  tension-pieces,  from  the  top  and 
from  the  bottom  of  the  bar,  the  turnings  being  taken  from  the  whole 
length  of  the  cylindrical  portions  of  the  test-pieces,  and  including  all  of 
the  metal  in  the  square  iwrtion  of  the  bar  except  the  cylinder  in  the 
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center,  0.798  incli  in  diameter,  gave  almost  precisely  the  same  results 
(43,37  copper,  56.37  tin,  and  43.36  copper,  56.40  tin),  showing  a  loss  of 
tin  of  more  than  4  per  cent.  A  piece  from  the  middle  of  the  bar  was 
then  analyzed,  the  whole  of  the  square  section  being  turned  into  chips. 
The  analysis  of  this  piece  gave  38.37  copper,  61.32  tin,  or  0.52  per  cent, 
more  tin  than  the  original  mixture.  The  other  bar,  No.  19,  showed  the 
same  result.  The  original  mixture  w^as  34.95  copper,  65.05  tin,  and  the 
analyses  of  the  turnings  from  the  outside  of  the  bar  at  top  and  bottom 
were  40.32  copper,  59.46  tin,  and  40.24  copper,  59.44  tin.  The  analysis  of 
a  piece  from  the  middle  of  the  bar  gave  34.22  copper,  65.80  tin. 

SPECIFIC  GRAVITY. 

The  curve  of  specific  gravities  shows  a  certain  degree  of  regularity, 
indicating  that  the  densities  of  these  alloj^s  follow  a  definite  law. 

The  alloys  containing  less  than  25  per  cent,  of  tin  shew  an  irregular 
variiition  in  specific  gravity,  but  this  itt  entirely  explained  by  the  fact  of 
the  porosity  of  the  metals,  and  that  the  determinations  were  made  on 
large  pieces.  The  figures  obtained  are,  therefore,  to  be  considered  as 
the  densities  of  the  castings^  and  not  of  the  metals  themselves,  as  they 
might  be  determined  in  the  shape  of  fine  powder,  or  metal  perfectly  free 
from  minute  cavities. 

The  densities  of  the  castings  are  much  lower  than  that  of  the  metal 
as  given  by  other  authorities,  and  this  fact  is  corroborated  by  the  deter- 
minations of  the  density  of  No.  6  A  (87.15  copper,  12.69  tin)  in  the  shape 
of  fine  turnings,  which  gave  the  figure  8.943,  and  of  turnings  of  ingot- 
copx)er,  which  gave  the  figure  8.874. 

It  will  be  noticed  that  those  bars  which  gave  less  strength  than  might 
be  expected  from  their  compositions,  and  those  whose  resistances  to 
stress  are  rejected  from  the  table  of  averages,  also  had  lower  specific 
gravities  than  those  metals  of  nearly  similar  compositions  which  had 
greater  strength. 

From  the  comparison  of  the  strengths  of  the  bars  containing  less  than 
20  per  cent,  of  tin  with  their  densities,  it  is  apparent  that  the  strength 
and  density  are  in  a  certain  degree  dependent  upon  each  otiier ;  that  is, 
that  the  greater  the  density  of  an  alloy  of  any  given  composition  con- 
taining less  than  20  per  cent  of  tin  the  greater  the  strength.  This  has 
been  plainly  shown  in  experiments  by  several  authorities  on  gun-metal, 
which  uniformly  exhibits  an  increase  of  strength  with  increase  of  density. 

This  fiact  will  also  account  for  the  much  lower  strength  of  the  alloy  of 
90  copi)er,  10  tin,  and  of  metals  of  nearly  similar  composition,  than  is 
given  by  some  authorities  as  the  strength  of  gun-metal.  It  must  be 
remembered  that  the  casting  of  small  bars,  such  as  have  been  used  in 
the  experiments  herein  described,  is  especially  unfavorable  to  the  pro- 
dnction  of  metal  of  great  density,  while  in  the  casting  of  guns  and  other 
large  ma.sses  the  pressure  of  molten  metal  is  much  greater,  and  all  con- 
ditions favor  the  increase  of  density. 

From  a  study  of  the  specific  gravities  of  alloys  of  copper  and  tin  which 
have  been  published  by  other  authorities,  especially  Calvert  and  John- 
son, and  Riche,  who  took  especial  precautions  to  obtain  the  densities  of 
the  comi)acted  metals,  and  comparing  them  with  the  figures  given  above 
for  ingot-copper  and  No.  6  A  in  turning,  it  appears  probable  that  the 
actual  8i)ecific  gravities  of  all  the  alloys  containing  less  than  25  per  cent. 
of  tin  do  not  greatly  vary  from  8.95,  and  that  the  specific  gravities  of 
eastings  of  these  alloys  will  be  less  than  8.95  according  to  their  degrees 
of  xKHTOsity.    Biche  gives  figures  showing  the  increase  of  density  of  sev- 
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eral  alloys  by  tempering  and  compression.  The  specific  gravity  of  an 
alloy  of  94  coi)per,  6  tin,  was  increased  from  8.541  to  8.939  by  repeated 
tempering  and  rolling. 

The  specific  gravity  of  pure  copper,  according  to  a  large  number  of 
authorities  quoted  in  "  Constants  of  Kature,^  varies  from  8.3G0  to  8.958, 
electrolytic,  hammered,  rolled,  or  pressed  copper  giving  the  highest 
figures  and  those  which  x>robably  are  the  most  nearly  correct. 

The  specific  gravity  of  No.  G  A  as  before  stated  is  8.943,  and  those  of  all 
the  alloys  containing  betwt^n  25  and  38  per  cent,  of  tin,  srhich  alloys 
are  all  very  compact  and  homogeneous,  are  greater  than  8.9  (reaching 
8.97  at  the  latter  percentage),  both  as  determined  in  these  experiments, 
and  as  determined  by  Calvert  and  Johnson.  These  results,  therefore, 
tend  to  confirm  the  above  statement  that  the  specific  gravities  of  all  the 
alloys  containing  less  than  25  per  cent,  of  tin  are  nearly  8.95,  and  that  a 
determination  which  gives  a  less  figure  reveals  tJie  porosity  of  the  cast- 
ing. < 

The  specific  gravities  given  in  the  above  tables,  as  determined  from 

pieces  of  the  castings,  are  more  valuable  than  if  they  were  determined 
only  from  turnings,  for  the  reason  that  they  show  the  cause  of  imperfec- 
tions in  strength  and  other  qualities,  and  indicate  that  the  proper  method 
of  improving  the  strength  is  to  increase  the  density.  They  also  indicate 
that  the  lower  the  si>ecific  gravity  of  one  of  these  alloys,  which  shows  a 
certain  definite  strength,  the  greater  increase  may  probably  be  given  to 
that  strength  by  any  means  which  mil  cause  the  specific  gravity  to  ap- 
proach the  figure  8.95. 

The  several  methods  of  increasing  the  specific  gravities  of  these  alloys 
and  thereby  increasing  their  strength  yet  remain  to  be  experimented 
upon.  It  is  well  known  that  rolling,  hammeriugj  or  pressing  the  porous 
and  ductile  metals  increases  the  density.  Casting  under  pressure  has 
the  same  effect,  as  shown  in  the  greater  density  of  the  bottom  of  a  heavy 
gun  casting  than  the  top  or  the  sinking  head,  and  in  a  still  more  marked 
degree  by  exi>eriments  which  have  lately  been  made  of  casting  under 
very  heavy  hydraulic  pressure.  It  is  probable  also  that  temi)erature  of 
pouring  and  rate  of  cooling  have  an  important  influence  upon  the  den- 
sity, and  that  the  use  of  any  fluxes  which  may  remove  occluded  gases 
from  the  molten  metals  will  be  likely  to  increase  it. 

The  maximum  density-  of  the  series  is  given  by  the  alloy  ^o.  12  (62.31 
copper,  37.35  tin,  by  analysis),  the  original  mixture  of  which  corresponds 
to  the  formula  Sn  Cus,  and  it  is  nearly  approached  by  the  alloy,  No. 
38  (G2.42  copper,  37.48  tui).  The  figui'es  are  8.970  and  8.956  i-espectively. 
The  former  is  higher  than  is  given  by  any  authority  quoted  in  '*  Constants 
ofNatxiriP  for  any  alloy  of  copper  and  tin.  The  specific  gravity  of  the 
same  alloy  according  to  Calvert  and  Johnson  is.  8.954.  Calvert  and 
Johnson's  maximum  figure  is  8.965,  which  was  obtained  with  the  alloy, 
Sn  Cu5  (72.90  copi)er,  27.10  tin).  Bolley  states  that  a  large  clock  bell  at 
Beichenhall,  six  hundred  years  old,  has  a  specific  gravity  of  9.1,  its  com- 
position being  76.20  copper,  23.80  tin.  This  figure  is  so  much  higher 
than  that  given  by  any  other  authority  that  it  may  be  considered 
doubtful. 

From  the  alloy  No.  12  to  the  end  of  the  series,  or  to  pure  tin,  thete  is 
an  almost  perfectly  regular  decrease  of  specific  gravity,  that  of  tin  bein^ 
7.293,  which  figure  agrees  with  the  results  of  several  other  authorities. 
From  the  regularity  of  this  decrease  of  specific  gravity,  and  from  the  fact 
that  all  the  results  between  the  alloy  containing  62.31  copper,  37.35  tin, 
and  pure  tin  agree  closely  with  the  figures  given  by  other  authorities  for 
the  specific  gravities  of  the  same  alloys,  as  is  plainly  shown  in  the  curves 
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of  comparLson  of  authorities  (Plat^XII),  it  appears  that  these  alloys  are 
much  less  apt  to  vary'  in  their  densities  than  tliose  containing  less  than 
25  per  cent,  of  tin,  and  that  they  have  but  little,  if  any,  x>orosity.  It  is 
thei'efore  probable  that  their  densities  will  not  greatly  vary  under  dif- 
ferent methods  of  casting  and  rates  of  cooling. 

It  has  been  observed  that  the  densities  of  the  alloys  cont>aining  less 
than  20  per  cent,  of  tin  have  direct  relation  to  their  strengths,  the 
strength  being  greater  as  the  density  is  greater.  This  does  not  appear 
to  be  the  case  with  the  alloys  containing  more  tin  than  the  alloy  of 
maximum  density,  and  in  these  alloys  there  is  a  regular  decrease  of 
density,  but  a  great  irregularity  in  strength.  It  has  also  been  noticed 
that  diflferent  portions  of  the  same  bar  vary  considerably  in  strength, 
but  have  almost  exactly  the  same  density.  The  variations  in  strength, 
as  before  stated,  seem  to  depend  upon  the  rate  of  cooling,  and  possibly 
upon  differences  of  pressure,  causes  which  apparently  have  an  important 
influence  upon  the  crystallization,  but  not  upon  the  density. 

COMPARISON  OF  BESISTANCES. 

By  inspection  of  the  curves  of  comparison  of  strength  by  transverse, 
tensile,  torsional,  and  compressive  stresses  (Plate  VII),  it  will  be  seen 
that  the  curves  of  tensile  and  torsional  strengths  agree  very  closely,  the 
torsional  curve  being  laid  down  to  such  a  scale  that  one  foot-pound  of 
torsional  moment  is  equivalent  to  200  pounds  of  tensile  strength.  The 
curve  of  transverse  strength  is  similar  to  those  of  tension  and  torsion 
(the  scale  being  such  that  one  pound  modulus  of  rupture  corresponds  to 
one  pound  tensile  strength),  but  the  ordinates  of  the  points  of  tlie  curve 
representing  most  of  the  alloys  are  much  greater  than  in  the  two  latter 
curves. 

The  curve  of  compressive  strength  is  very  unlike  either  of  the  other 
curves.  Being  laid  down  to  the  same  scale  as  that  of  tensile  strength 
the  ordinates  of  the  curve  are  all  much  higher,  showing  that  the  com- 
pressive strengths  per  square  inch  of  all  the  copper-tin  alloys  are  much 
greater  than  their  tensile  strengths.  The  maximum  comi)ressive 
strength  is  reached  by  one  of  the  brittle  alloys,  the  tensile  strength  of 
which  was  not  far  from  the  minimum. 

It  appears,  therefore,  that  the  tensile  and  compressive  strengths  of 
the  alloys  are  in  no  way  related  to  each  other ;  that  the  torsional  strength 
is  closely  proportional  to  the  tensile  strength,  and  that  tlie  transverse 
strength  may  depend,  in  some  degree,  upon  the  compressive  strength, 
as  is  indicated  by  the  approach  of  some  portions  of  the  transverse  curve 
to  the  compression  curve,  but  it  is  much  more  nearly  related  to  the  ten- 
sile strength,  as  is  shown  by  the  general  corresi)ondence  of  the  curve  of 
transverse  with  that  of  tensile  strength.  The  modulus  of  rupture,  as 
obtained  by  the  transverse  tests,  is  in  general  a  figure  between  those  of 
tensile  and  compressive  strengths  per  square  inch,  but  there  are  a  few 
exceptions  in  which  it  is  larger  than  either. 

From  the  curves  of  transverse,  tensile,  and  torsional  strengths  it  is 
seen  that  the  strengths  of  the  alloys  at  the  copper  end  of  the  series  in- 
crease rapidly  with  the  addition  of  tin,  till  about  4  per  cent,  of  tin  is 
reached.  The  transverse  strength  continues  regularly  to  increase  to  the 
maximum,  till  the  alloy  containing  about  17J  per  cent,  of  tin  is  reached, 
while  the  tensile  and  torsional  strengths  also  increase,  but  very  irregu- 
larly, to  the  same  point.  As  this  irregularity  corresponds  to  the  irregu- 
larity in  the  same  portion  of  the  curve  of  specific  gravities,  it  is  probably 
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due  to  porosity  of  the  metal,  and  might  possibly  be  removed  by  any 
means  which  would  make  the  castings  more  compact. 

The  maximum  point  of  the  three  curves  is  reached  at  the  same  i)oint, 
viz,  at  the  alloy  containing  82.70copper,  17.34  tin,  the  transverse  strength, 
however,  being  very  much  greater  at  this  point  than  the  tensile  or  tor- 
sional strength. 

From  the  point  of  maximum  strength  the  three  curves  drop  very  rap- 
idly to  the  alloys  containing  about  27.5  per  cent,  of  tin,  and  then  more 
slowly  to  37.5  per  cent.,  at  which  point  the  minimum  or  nearly  the  miiu- 
mum  strength  of  tin,  by  all  three  methods  of  test,  is  reached.  The  com- 
pression curve  reaches  it*^  maximum  between  these  x>oint8.  The  alloys 
of  minimum  strength  are  found  from  3.75  per  cent,  tin  to  52.5  per  cent^ 
tin  5  the  observations  being  somewhat  irregular  between  these  points, 
making  it  difficult  to  state  the  exact  minimum  points  of  the  curve,  but 
ail  agreeing  in  showing  great  weakness.  The  absolute  minimum  is  prob- 
ably about  45  per  cent,  of  tin. 

From  52.5  per  cent,  of  tin  to  about  77.5  per  cent,  tin  there  is  a  rather 
slow  and  irregular  increase  in  strength  to  the  point  which  has  been  called 
the  second  maximum,  the  curve  of  transverse  strength  at  this  point,  as 
at  the  first  maximum,  rising  much  higher  than  the  other  two  cur\^es.  The 
former,  also,  does  not  reach  its  second  maximum  at  the  same  point  as  the 
two  latter,  but  this  may  be  accidental. 

From  77.5  per  cent,  tin  to  the  end  of  the  series,  or  all  tin,  the  strengths 
slowly  and  somewhat  irregularly  decrease,  the  second  minimum  being 
reached  at  the  end  of  thecurv^e.  It  willbenoticedthatthe  irregularity  of 
the  torsional  curve  is  much  less  than  those  of  the  other  ounces,  which  is 
probably  due  to  the  fact  that  in  the  torsional  tests  the  time  occupied  in 
making  the  tests  was  very  uniform,  and  also  that  the  torsional  curve  is 
made  from  the  average  results  of  usually  four  tests  of  each  bar,  while 
the  tensile  tests  were  but  two  in  number  firom  each  bar,  and  the  trans- 
verse tests  but  one. 

One  of  the  most  important  facts  to  be  learned  from  the  curves  is  that 
all  the  alloys  containing  more  than  25  per  cent,  tin  are  practically  worth- 
less for  all  purposes  where  strength  is  required,  the  average  strength  of 
these  alloys  being  only  about  one-sixth  of  the  average  of  those  contain- 
ing less  than  25  per  cent,  of  tin. 

COMPARISON  OF   DUCTILITY. 

The  ductility  of  the  alloys  is  shown  by  the  plate  (^o,  IX)  of  curves  of 
ductility  by  transverse,  tensile,  and  tortioual  stresses.  These  three 
curves  agree  in  showing  that  the  ductility  follows  a  very  regular  law, 
depending  ux>on  the  composition. 

The  ductility  in  the  tensile  tests  was  determined  by  direct  observations 
of  the  elongations  of  the  pieces  under  tension.  In  the  cases  of  the  brittle 
alloys  these  elongations  w^ere  such  very  small  quantities  that  they  could 
not  be  measured,  and  the  curve,  therefore,  touches  the  axis  of  abscissas. 

The  ductility  in  the  transverse  tests  was  determined  by  the  final  de- 
flections before  breaking,  and  as  this  was  always  an  appreciable  quantity 
even  with  the  brittle  alloys,  the  curve  is  easily  laid  down,  except  in  cases 
in  which  the  bar  bent  without  breaking.  The  curve,  therefore,  cuts  the 
top  of  the  plate  in  two  points,  thus  indicating  that  the  ductility  by  trans- 
verse stress  without  those  points  is  indeterminate  but  very  great. 

The  ductility  by  torsional  tests  is  determined  from  the  extension  of 
the  exterior  fiber  or  line  of  particles  in  a  torsion-piece  one  inch  long,  in 
parts  of  an  inch,  which  is  calculated  from  the  angle  of  torsion  given  by 
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the  autographic  strain  diagram.  Tliis  gives  a  correct  comparison  of  the 
relative  ductility  of  all  the  piecestested,  whether  very  brittle  or  very  duc- 
tile, and  the  comparative  ductility  is  given  in  the  figures  in  the  table  of 
summary  of  results.  The  maximum  angle  of  torsion  given  in  the  sum- 
mary is  556.75  degrees,  which  corresponds  to  an  extension  of  2,1975 
inches  of  a  line  of  particles,  originally  one  inch  long,  on  a  cylinder  f 
inch  in  diameter,  on  the  supposition  that  the  diameter  and  length  of 
the  cylinder  while  being  twisted  remained  unchanged.  The  minimum 
angle  of  torsion  is  0.4  degree,  which  corresponds  to  an  extension  of 
only  0.000006  inch.  The  ductility  of  pure  tin  being  therefore  more  than 
200,000  times  that  of  the  most  brittle  alloy,  they  cannot  both  be  rep- 
resented in  a  curve  drawn  on  the  same  scale,  except  when  the  lower  por- 
tion of  the  curve  practically  coincides  with  the  bottom  line  of  the  plate. 
The  curve  is  therefore  drawn  so  as  to  make  it  coincide  with  the  curve  of 
ductility  by  tensile  tests. 

Referring  to  the  three  curves,  it  ^nll  be  seen  that  the  alloys  contain- 
ing less  than  12.5  per  cent,  of  tin^  and  more  than  87.5  per  cent,  of  tin, 
are  so  ductile  that  bars  of  22  inches  in  length  bend  to  a  deflection  of  more 
than  3J  inches  without  breaking,  and  their  comparative  ductility  is  not, 
therefore,  determined  by  this  method  of  test.  Bar  No.  1,  all  copper,  is 
an  exception,  but  it  wa^s  considered  to  be  a  defective  bar.  Bar  No.  30,  all 
copper,  bent  without  breaking. 

The  comparative  ductihty  of  these  alloys  is  plainly  shown  by  the 
curves  obtained  from  tensile  and  torsional  tests.  From  both  curves  it 
appears  that,  beginning  at  i)ure  copper,  the  ductility  increases  shghtly 
with  the  addition  of  tin  till  from  2  to  4  per  cent.,  between  which  hmits 
the  maximum  ductility  of  the  stronger  alloys  is  reached.  From  this 
point  there  is  a  regulaa*  curve  of  decrease  of  ductility  to  25  per  cent, 
tin,  at  which  point  it  becomes  so  small  that  both  curves  apparently 
touch  the  base  line.  The  record  of  comi>arative  ductility  by  tension  is 
then  entirely  lost  up  to  the  aUoy  containing  75  per  cent,  tin,  while  that 
by  torsion  is  lost  in  the  curve,  but  can  be  traced  from  the  figures  in  the 
table  of  summary  of  residts.  From  these  figures  it  is  seen  that  the 
minimum  ductility  is  reached  at  from  37.5  to  47.5  per  cent,  tin,  which 
corresponds  nearly  to  the  minimum  point  of  strength. 

Tlie  cur\'e  of  ductility  by  transverse  strength,  commencing  at  about 
12.5  per  cent,  tin,  shows  a  regular  cuj^^atm^e  tending  toward  the  bot- 
tom of  the  plate,  to  about  35  per  cent,  tin,  and  from  that  point  to  55  per 
cent,  tin  it  is  nearly  horizontal,  indicating  a  minimum  at  45  per  cent., 
thus  agreeing  with  the  resiUt  obtained  from  the  torsional  tests.  From 
55  per  cent,  fin  there  is  a  very  regidar  curve  upward  to  87.5  per  cent, 
tin,  at  which  point  the  transverse  curve  is  lost  in  consequence  of  the 
bars  bending  without  breaking. 

The  curves  of  tensile  and  torsional  ductility  appear  to  rise  from  the 
bottom  line  at  about  75  per  cent,  tin,  and  from  that  point  to  the  end,  or 
l)ure  tin,  there  is  a  very  regular  increase,  the  regularity  being  much 
greater  in  the  tests  by  torsion  than  in  those  by  tension. 

TOTAL  RESILIENCE. 

Tlie  resilience  or  amount  of  work  done  in  breaking  each  of  the  alloys 
is  sho^Ti  by  the  figures  in  the  table  of  summary  of  results  under  head- 
ings of  transverse  and  torsional  tests,  and  by  the  cur\^es  plotted  from 
these  figures. 

•   The  work  done  in  breaking  any  specimen  is  measured  in  the  same 
manner  as  mechanical  work  of  any  kind,  that  is,  by  the  product  of  a 
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resistance  into  the  distance  through  which  the  resistance  acts.  When 
the  resistance  is  variable  the  work  is  the  product  of  the  mean  resistance 
into  that  distance. 

The  work  done  in  breaking  a  piece  of  metal  by  tensile  stress  is  equal 
to  the  mean  resistance  multiplied  by  the  total  elongation;  by  transverse 
stress  it  is  the  mean  resistance  multiplied  by  the  total  deflection^  and  by 
torsional  stress  it  is  the  mean  resistance  of  the  specimen  as  measured  by 
the  mean  ordinate  of  the  autographic  strain  diagram,  expressed  in  foot- 
pounds of  torsional  moment,  or  pounds  acting  at  the  radius  of  one  foot 
multiplied  by  the  distance  through  which  this  moment  is  exerted  as 
measured  by  the  total  abscissa  of  the  diagram  and  reduced  to  feet  trav- 
ersed by  the  resistance. 

The  resilience  under  transverse  stress  has  been  calculated  from  the 
ounces  of  deflections  by  transverse  stress  (Plates  XVI,  XVII),  the  area  of 
the  curve  being  directly  proportional  to  the  resilience,  the  ordinates  rep- 
resenting resistances  and  the  abscissas  deflections.  The  results  as  given 
in  the  tables  are  reduced  to  foot-pounds  of  work.  In  the  cases  of  the  bare 
which  bent  to  a  deflection  of  more  than  3^  inches  without  breaking,  the 
total  resilience  within  the  breaking  X)oint  could  not  be  determined,  and 
the  resilience  within  the  limit  of  3^  inches  deflection  has  been  taken 
instead. 

The  torsional  resilience  has  been  calculated  from  the  area  of  the  auto- 
graphic strain  diagram  in  the  manner  above  stated,  the  total  resilience 
up  to  the  breaking  point  being  taken  in  each  case  and  reduced  to  foot- 
pounds of  work. 

The  resilience  under  tensile  stress  has  not  been  determined,  &inoe  the 
elongations  of  all  the  brittle  pieces  were  not  measured,  and  those  of  many 
of  the  ductile  pieces  were  not  determined  with  the  same  accuracy  which 
characterized  the  transverse  and  torsional  tests. 

Referring  to  the  plate  of  curves  of  resiliences  (Plate  X)  it  will  be  seen 
that  the  resilience  bears  a  very  close  relation  to  the  ductility,  the  curves 
of  the  two  properties  being  nearly  similar,  except  in  those  portions  of 
the  curves  representing  the  ductile  alloys,  which  bent  without  breaking 
under  transverse  stress^  and  of  which  the  transverse  resilience  is  taken 
only  within  a  deflection  of  3^  inches^  while  the  torsional  resilience  is 
taken  to  the  jwint  of  rupture. 

The  maximum  torsional  r^ilience  is  given  by  bar  'So.  3  (96.06  copper, 
3.76  tin),  which  was  one  of  the  most  ductile  of  the  stronger  alloys^  No. 
33  (88.40  copx>er,  11.59  tin)  gave  the  maximum  transverse  resilience 
within  the  deflection  of  ^^  inches,  on  account  of  its  being  the  strongest 
alloy  which  reached  that  deflection  without  breaking,  but  its  total  resil- 
ience is  much  less  than  those  of  the  more  ductile  bars^  which  bent  with- 
out breaking  to  deflections  of  more  than  8  inches. 

From  the  bar  which  gave  the  maximum  total  resilience  of  599.96  foot- 
pounds there  is  a  rapid  decrease  to  No.  8  (76.64  copper,  23.24  tin),  which 
had  a  resilience  of  only  3.72  foot-pounds.  From  No.  8  to  No.  20  (35.85 
copper,  73.80  tin)  all  of  the  bars,  with  one  exception,  show  total  resil- 
iences by  torsion  of  less  than  one  foot-pound  each,  the  minimum  being 
only  0.08  foot-pounds,  or  only  about  -^^^y  part  of  the  maximum.  These 
resiliences  being  so  smaU  compared  with  the  maximum,  the  curve  of 
resiliences  (Plate  III)  between  these  jjoints  approaches  the  bottom  line 
of  the  plate  so  closely  that  it  apparently  coincides  with  it.  The  figures 
for  transverse  resilience  agree  quite  closely  with  those  of  torsional 
resilience  between  these  points. 

From  bar  No.  20  to  No.  28  (0.32  copper,  99.46  tin)  there  is  a  gradual  in- 
crease of  the  total  resiliences  to  125.99  foot-pounds,  which  is  the  ^<  second 
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maximum'^  point  of  the  curve.  The  bar  of  pure  tin  shows  a  somewhat 
less  resilience,  on  a^KX)unt  of  its  less  strength,  than  Ifo.  28,  although  it 
I)08ses8ed  a  slightly  greater  ductility.  The  second  maximum  resilience 
by  transverse  stress  within  a  deflection  of  3 J  inches  is  reached  by  Xo.  24 
(11.49  copper,  88.47  tin),  on  account  of  its  having  the  greatest  sti'ength 
of  the  bars  containing  a  large  amount  of  tin  which  bent  without  break- 
ing. The  transverse  resiliences  (within  the  deflection  of  3J  inches)  de- 
crease to  Ko.  29  (all  tin),  on  account  of  the  decrease  of  strength,  while 
the  total  resiliences  increase  on  account  of  the  rax)id  increase  of  duc- 
tility. 

LIMIT  OF  ELASTICITY. 

The  limit  of  elasti(;ity  has  been  defined  as  the  point  at  which  the  dis- 
tortion (either  by  tension,  torsion,  compression,  or  transverse  stress)  be- 
gins to  increase  in  a  greater  ratio  than  the  force  which  causes  the  dis- 
tortion. It  corresponds  nearly  with  the  point  of  first  appreciable  set, 
or  permanent  distortion.  In  the  plotted  curves  of  deflections  and  elon- 
gations and  in  the  autographic  diagrams  of  torsional  stress  it  is  the  point 
at  which  the  curve  begins  (usujdly  suddenly)  to  change  its  direction  and 
deflect  toward  the  horizontal. 

The  plate  of  curves  in  which  comparison  is  made  of  the  transverse, 
torsional,  and  tensile  strengths,  also  contains  curves  showing  the  limit  of 
elasticity  under  each  of  the  three  kinds  of  tests.  These  have  been 
plotted  from  the  figures  given  in  the  tables  of  tests  by  tensile,  trans- 
verse, and  torsional  stresses  under  each  series.  In  the  table  of  general 
summary  of  results  (Table  XIII)  the  elastic  limits  are'rejiresented  for 
more  convenient  comparison  by  parts  of  the  total  strengths. 

It  will  be  seen  that  there  is  a  similarity  in  the  curves  of  limits  of  elas- 
ticity obtained  from  the  three  kinds  of  tests,  and  that  they  coincide  with 
the  curves  of  strength  in  the  middle  portion  or  that  portion  of  the  series 
(M>ntaining  the  brittle  alloys,  and  fall  beneath  them  at  the  ends,  the  fig- 
ures in  the  table  of  summary  of  results  showing  the  elastic  limit  to  he 
100  per  cent,  of  the  total  strength,  and  that  of  the  more  ductile  alloys  to 
be  in  some  cases  as  small  as  20  per  cent,  of  the  total  strength,  and  to  in- 
crease with  the  decrease  of  ductility. 

There  is  a  considerable  difference  between  the  figures  representing  the 
ratios  of  elastic  limit  to  total  strength  of  the  ductile  alloys  as  determined 
by  the  various  methods  of  tests.  In  general  the  ratios  obtained  by  the 
tensile  tests  is  higher  than  that  obtained  by  either  the  transverse  or 
torsional  tests,  and  the  two  latter  more  nearly  agree. 

Referring  to  the  curves  and  to  the  figures  giving  the  ratios  of  elastic 
limit  to  breaking  load,  it  is  seen  that  in  the  stronger  alloys,  those 
containing  less  than  17.5  per  cent,  of  tin,  the  elastic  limit  under  tensile 
stress  is  reached  at  from  50  to  68  per  cent,  of  the  breaking  load,  and 
under  transverse  and  torsional  stress  at  about  35  to  45  per  cent.  As 
the  percentage  of  tin  is  increaseil  beyond  17.5  per  cent.,  the  ratio  of 
elastic  limit  to  ultimate  strength  is  increased,  the  alloy  Ko.  8  (76.64 
copper,  23.24  tin)  giving  results  which  showed  the  ratio  to  be  100  per 
cent.,  or  that  the  elastic  limit  was  not  reached  till  fiucture  took  place. 
Hie  same  result  is  given  by  all  the  alloys  from  No.  8  to  No.  21  (38.37 
copper,  61.32  tin).  From  No.  21  to  pure  tin,  the  elastic  limit  is  reached 
before  fracture,  by  transverse  and  torsional  tests.  In  the  tensile  tests 
ci  the  alloys  containing  between  62.5  and  82.5  per  cent,  of  tin  the  posi- 
tion of  th^  elastic  limit  is  doubtfal,  but  it  is  probable  it  was  either  not 
reached  or  only  just  reached  before  fracture  took  place.    In  the^se  alloys 
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the  ratios  of  elastic  limit  to  ultimate  strengtli  appear  much  higher  in 
tests  by  torsional  than  by  transverse  stress.  The  ductile  alloys  contain- 
ing large  percentages  of  tin,  give  ratios  under  torsional  stress  which 
gradually  decrease  as  the  percentage  of  tin  increases,  the  decrease  beiu  jr 
nearly  regular  from  98.5  per  cent,  to  45.3  per  cent.,  between  the  alloy  of 
27.5  copper,  72.5  tin,  and  pure  tin.  In  the  transverse  tests  the  ratio  is 
much  more  neai-ly  constant,  varying  somewh&t  irregularly  between  the 
same  comx)ositions  from  43.8  to  27.3  per  cent. 

MODULI  OF  ELASTICITY. 

The  moduli  of  elasticity  were  calculated  from  the  deflections  observed 
in  the  transverse  tests.  In  the  tables  of  the  tests  of  each  bar  a  large 
number  of  moduli  of  elasticity  have  been  calculated  for  each  test  to  show 
the  change  of  this  modulus  at  different  parts  of  the  test  both  within  and 
beyond  the  elastic  limit.  In  the  summary  of  results  by  transverse  tests, 
and  in  the  table  of  general  summary  of  results  (Tables  II,  VIII,  and 
XIU),  the  figures  given  ai'e  considered  to  be  the  most  probable  modu- 
lus of  each  bar  within  the  elastic  limit  where  tlie  deflections  are  propor- 
tional to  the  api)lied  loads.  The  ciu've  (Plate  XI)  has  been  plotted  from 
these  figures.  The  figures  and  the  curve  show  a  great  irregularity,  but 
not  greater  than  might  be  expected  from  metals  of  different  comi)ositions, 
when  it  is  remembered  that  the  modulus  of  elasticity  of  a  single  metal, 
wrought  iron,  has  been  foimd  by  various  experiments  to  vary  from 
18,000,000  to  40,000,000. 

Eeferring  to  tiie  figures  of  moduli  in  the  table  of  summaries  (Table 
XIII)  and  to  the  curve  plotted  fit)m  them,  it  is  seen  that  in  the  alloy 
containing  less  than  24  per  cent,  of  tin,  which  includes  all  the  stronger 
and  more  valuable  alloys  of  the  eleven  figures  of  moduli  of  elasticity 
whicli  are  considered  ivliable  observations,  nine  of  them  are  between 
13,300,000  and  15,000,000,  the  other  two  being  10,203,205  and  12,472,655. 
These  figures  sufliciently  establish  the  moduli  of  elasticity  by  transverse 
stress  of  these  alloys  to  be,  as  shown  by  the  curve,  about  14,000,000. 

From  25  per  cent,  to  35  per  cent,  tin  the  modulus  seems  to  be  some- 
what greater,  the  four  observations  next  after  those  above  mentioned 
varying  from  14,896,091  to  16,387,041.  From  35  to  75  per  cent,  there  is 
a  very  great  irregularity.  This  corresponds  to  the  irregularity  in  strength 
and  other  properties  as  shown  by  all  the  tests,  but  is  a  much  greater 
irregularity  than  of  any  other  property.  Ko.  11  (65.34  copper,  34.47  tin) 
gives  a  modulus  of  over  19,000,000,  while  No.  12  (62.31  copi)er,  37.35  tin) 
gives  less  than  half  as  much.  The  latter,  it  will  be  remembered,  was 
the  alloy  of  greatest  density.  The  two  fact«  may  in  some  way  be  con- 
nected. Bar  No.  14  (original  mixture,  51.8  copi)er,  48.2  tin)  gives  a 
modulus  of  only  5,174,546.  This  bar  showed  a. very  great  degree  of  li- 
quation, but  its  low  modidus  may  be  partially  due  to  the  fact  of  the  bar 
l)eing  shorter  than  the  standard  length  of  22  inches  between  supports. 
The  figure  was  therefore  rejected  as  unreliable,  as  were  also  those  of  all 
the  short  bars.  It  is  remarkable  that  the  other  bar  which  showed  very 
great  liquation.  No.  17  (original  mixture,  41.74  copper,  58.26  tin),  shoidd 
give  a  modulus  of  over  23,000,000,  the  highest  figure  given  by  any  alloy 
in  either  series. 

From  tlie  alloys  containing  70  per  cent,  tin,  to  pure  tin  the  moduli 
again  become  a  little  more  regular',  but  still  vai'^ing  between  11,520,262 
and  6,771,517,  the  tendency  being  to  deci-ease  as  the  tin  increases.  Of 
the  eleven  figures  of  moduli  of  the  alloys  containing  more  than  80  per 
cent,  tin,  including  the  bar  of  pure  tin,  nine  give  moduli  between  6,700,000 
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and  8,000,000,  the  other  two  being  8,613,200  and  10,403,101,  thus  tending 
to  establish  the  modiihis  of  tliese  alloys  at  about  7,500,000  to  8,000,000, 
or  a  little  more  than  half  that  of  the  stronger  alloys  containing  less  than 
20  per  cent,  of  tin. 

EXTRA  BAKS  OF  COPPER  AND  TIN. 

During  the  progress  of  the  experiments  which  have  been  described, 
a  number  of  bars  of  copper  were  made  in  the  ingot-mold  for  the  puri^ose 
of  being  broken  into  small  pieces  to  facilitate  the  weighing  of  the  mix- 
tures for  the  alloys.  Several  of  these  bars  were  tested  by  transverse, 
tensile,  torsional,  and  compressive  stresses  for  the  purpose  of  comparing 
them  with  the  one  selected  as  a  stiindard.  The  records  of  all  these  tests 
are  appended  after  the  records  of  the  tests  of  the  alloys.  The  following 
tables  give  a  summary  of  the  results,  including  those  of  bars  Ko.  1  and 
No.  30,  which  have  already  been  given. 

-In  addition  to  these,  a  test  was  ma-de  of  an  extra  bar  of  Queensland  tin, 
the  recortl  of  which  is  also  given.  The  ingot  tin  from  which  this  bar 
was  cast  was  furnished  to  the  writer  by  Hon.  Angus  Mackay,  commis- 
sioner from  Queensland,  Australia,  to  the  Centennial  Exhibition  at 
Philadelphia,  and  was  part  of  the  Queensland  exhibit.  In  the  summary, 
its  record  is  compared  with  that  of  the  Banca  tin,  bar  No.  29. 

SUMMARY  OF  RESULTS  OF  TESTS  OF  BARS  OF  COPPER  AND  TIN. 

Tahlr  XIV.-TRANSVERSE  TESTS. 
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Table  XV.-TBNSILE  TBSTS. 
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Table  XVL— TOBSIONAL  TESTS. 
Averages  qf  the  RsauUs  ealeiUatedfrom  the  Autoffraphie  Strain  IHagrame. 
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/able  xrn. — Average  results  of  tests  of  copper,  rejecting  those  marked 

DEFECTIVE,  AND  AVERAGE  OF  ALL  TESTS  OF  TIN. 
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Table  xviu. — ^Analyses  of -turnings  from  four  bars  of  copper. 
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Table  xix. — ^Analysis  of  "Queensland  tin." 
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It  will  be  observ^ed  that  there  is  a  very  considerable  diflferehce  both  in 
Btsength  and  ductility  of  the  several  bars  which  were  cast  from  the  same 
metal,  and  under  nearly  the  same  conditions.  The  causes  of  this  differ- 
ence have  not  been  ascertained,  as  the  bars  were  merely  cast  incidentally 
daring  the  mixing  of  the  alloys,  and  no  attempt  was  made  to  learn  ex- 
actly the  conditions  under  which  each  casting  was  made.  A  si>ecial  in- 
Tesigation  would  be  needed  before  it  could  be  definitely  asserted  what 
was  the  cause  of  the  good  or  the  bad  qualities  of  auy  particular  bar,  or  how 
the  defects  of  any  of  them  might  be  remedied. 

The  analyses  of  bars  Xo.  1,  "No,  30,  No.  53,  and  No.  57  show  that  the 
brittleness  is  an  accompaniment  of  a  large  percentage  of  suboxide  of 
copper  in  the  bar,  the  presence  of  which  is  probably  the  proximate  cause 
of  the  brittleness.  The  analysis  of  No.  1  showed  it  to  contain  12.080  per 
cent,  suboxide  of  copper;  No.  30,  3.580  per  cent.;  No.  53,  6.730  percent.; 
and  No.  57, 1.620  per  cent. 

No.  1  and  No.  53  broke  under  transverse  stress,  the  former  with  a  de- 
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flection  of  2.30G  inches,  the  latter  with  1.38  inches.  All  the  others  bent 
without  breaking.  No.  1  was  recast  several  times,  wliicli  iniglit  have 
been  the  cauvse  of  its  being  defective,  but  No.  53  was  nearly  as  defective, 
while  it  was  cast  onlv  once.  No.  53  and  No.  54  were  ciist  at  the  same 
time,  the  former  being  at  the  higher  temperature,  as  judged  by  tlio 
founder  from  its  appearance  wlien  poured.  No.  55  and  No.5G  were  cast 
subsequently,  and  their  relative  temperatures  were  detennined  in  the 
manner  described  in  treating  of  the  casting  of  the  second  series  of  the 
alloys,  viz,  by  pouring  a  portion  of  the  molten  metal  into  water  and 
noting  the  rise  of  teini)erature  of  a  given  weightof  water  and  the  weight 
of  metal  i)oured.    The  following  are  the  data  of  these  temi)ei"ature  tests : 
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No.  56  was  supposed  to  have  been  cast  at  least  as  hot  as  No.  53,  but 
the  test  showed  the  former  to  be  a  very  good  bar,  while  the  latter  was 
a  very  bad  one.  The  diU'erence  in  temperatures  of  casting,  therefore, 
does  not  seem  sufficient  to  exi)lain  the  ditt'erence  in  properties  of  the 
casting. 

No.  30  was  cast  at  an  extremely  high  temperature,  much  higher  than 
either  of  the  other  bars,  being  at  a  dazzling  white  heat.  On  poiuing  a 
small  portion  into  water  in  attcmi)ting  to  obtain  the  relative  tempeiu- 
ture,  a  severe  explosion  took  place,  and  this  was  repeated  every  time 
that  even  a  small  drop  of  the  uu)lten  metal  touched  the  water.  The 
C3ld  ingot  mold  was  then  tilled  with  this  very  hot  metal.  After  the 
metal  remaining  in  the  crucible  had  stood  for  several  minutes  ami  had 
cooled  considerably,  it  couUl  be  poured  into  water  without  causing  the 
slightest  explosion. 

It  might  be  supposed  that  the  result  of  this  casting  at  a  very  high 
temi)erature  would  be  to  make  bar  No.  30  a  bad  bar,  a.s  this  seems  to  be 
in<licated  by  bars  No.  53  and  No.  54,  and  also  by  the  experiments  of 
Major  Wade  on  gun-metal.  The  result,  however,  showed  the  contrary, 
as  it  proved  to  be  equal  to  any  of  the  bars  which  were  cast. 

No.  57  was'  cast  apparently  at  a  medium  temperature,  much  lower  than 
No.  30,  but  it  is  not  known  how  its  temperatui*e  compared  with  that  of 
others.    The  test  showed  it  to  be  ne.irly  as  good  a  bar  as  No.  30. 

The  tensile  and  torsional  tests  indicate  the  qualities  of  the  different 
bars  even  more  plainly  than  the  transverse  tests.  The  tiibles  explain 
themselves  sut!iciently. 

It  will  be  observed  that  the  tensile  tests  show  a  much  greater  differ- 
ence between  the  bars  than  do  the  transverse.  The  reason  of  this  is,  no 
doubt,  that  the  tensile  te^t-piece  always  breaks  at  its  weakest  section,  no 
one  part  of  the  cylindrical  iwrtion  of  the  i)iece  being  subjected  to  a 
grciiter  stress  than  the  others,  while  in  the  transverse  test  the  middle 
section  is  the  dangen)U8  secticm,  or  ]>osition  of  maximum  strain,  and 
the  bar  ^nll  usually  break  in  tlie  middle,  although  other  portions  may 
be  w^eaker.  In  defecvtive  bars,  therefore,  tlie  t4»nsile  test  usually  reveals 
the  defects  more  plainly  than  the  transverse  test,  especially  if  these  d© 
fect«  are  unevenly  distributed. 
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The  canse  and  methofl  of  prevention  of  the  defects  in  cast  copper  yet 
remain  to  be  investigated. 

The  bar  of  Queensland  tin  proved  to  be  a  very  good  bar,  showinij  a 
somewhat  greater  strength  by  transverse  and  torsional  tests  than  the 
bar  of  Banca  tin,  but  a  less  strength  by  tension.  The  transverse 
strength  is  probably  higher  both  on  account  of  the  different  methods  of 
test,  the  bar  of  Banca  tin  being  tested  by  dead  loads  and  that  of  Queens- 
land tin  by  the  platform -scale  apparatus,  and  on  account  of  a  flaw  in 
the  middle  of  the  Banca-tin  bar. 

The  effect  of  slow  and  I'apid  test  is  shown  by  both  bars  in  the  tensile  test. 
The  average  tenacity  of  all  the  pieces  tested  is  given  as  3,i;50  pounds  i)er 
square  inch,  but  it  is  probable  that  all  the  i)ieces  would  have  broken  at 
as  low  as  2,000  jwunds  if  the  test  had  been  of  long  duration,  say  one 
hour,  or  as  high  as  4,000  x)ounds  if  each  test  had  been  made  in,  say,  five 
minutes. 

The  effect  of  time  is  also  shown  in  the  autographic  strain  diagrams 
and  in  the  records  calculated  from  them. 

The  Queensland  tin  showed  an  extraordinary  ductility  in  the  torsional 
tests,  one  of  the  pieces  twisting  through  an  angle  of  818  degrees,  or  more 
than  2^  turns  before  breaking.  This  represents  an  elongation  of  a  line 
of  particles  parallel  to  the  axis  on  the  surface  of  the  cylindrical  portion 
of  the  test  piece  from  one  inch  to  4.57  inches. 

COMPARISON  OP  AUTHORITIES. 

The  following  table  gives  a  list  of  about  140  different  alloys  of  copper 
and  tin,  including  all  those  which  have  been  described  in  this  rei)ortj 
together  with  a  large  number  collated  from  standard  authorities,  giving 
some  of  their  mechanical  and  physical  properties.  The  results  obtained 
by  experimenters,  whose  investigations  were  suflBciently  complete  to 
allow  of  such  a  comparison,  are  shown  graphically  in  Plates  XII,  XIII, 
XIV,  XV. 

LIST  OP  AUTHORITIES. 

Abbreviations. 

B  — Bnlley.    EsmU  et  Iteeherche*  Chimiqves.  Pprin,  IF69.  pp.  345, 348. 

Cr.— CrvMickewit.     £rd*nann'»  Jotimnl.  1H48,  vol.  4\  pp  87-93. 

C.  J.— Calrert  ami  Johnson.  Spodfic(>iavUi.»«,  PHI  Mruj  .  I8:»ft,  rol.  18,  pp.  3.54-359;  Hardness,  PhiL 
Jfc^,  K%9.  vol.  I7,pp  114-lil;  H.'at  Cm  luti  it  v.  P/ii    Tram.,  1858,  pp.  349-368. 

De— <5.  B  Di-aii.     Ordnance  NoteJt.  No.  XL,  Wasbiiigtou,  1875. 

La.—Laf.  ntl.    IHnglrr'nJnurml.  l.-'S.l,  vol  135.  p. 269. 

Wl  —  Mall«*t.     PhU.  Mag.,  H42,  vol.  '21.  pp.  6«-«8. 

M4^Mat  hlessea.    PkU  Tram.,  Ir<60.  p.  Iff  I ;  ibid.,  1864,  pn.  167-^0. 

Msr.— M  iixhand  and  Scheer»jr.  Journal  fur  PraktUehs  GhemU,  vol.  27,  p.  193  (Clark's  '*  Oonttanii  of 
Ifofure") 

Miw — NTiischenbroek.     C<^'»  Dlcii  nary,  article  "A^^^v." 

Bf  — RichA.     AnnaUi  de  Ohimis.  1 87 1,  vol.  30.  pi>.  35 1-  M 9. 

17.  S.  B  — Bfport  of  CommitUe  on  MftaUie  AWtya,  qf  United  State*  Board  appointed  to  test  Iron,  Steely  if*. 

Th.— T  •onia*  Tho  a*0(i.     An-i  dt  (!M.>ni^.  HI  I,  vol.  i<).  pp.  W-Sl. 

W— W«t'''H  /)  c'wntri/  of  Ohemistry  (ooinptl  ^il  from  R"»vrtr*il  >int.horitien). 

Wa  — \f  ijor  Wade,  Unit'vi  S'-ate-i  ,\rtnv.    Riport  on  Ezperitnentd  on  J^etaUfor  Ojtnnon,  Pbila.,  ie56. 

We.— Weidemann.    PhiL  Mag.,  1860,  vol.  19,  pp.  -243, 244. 
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In  the  above  table  the  figures  of  order  of  ductUity,  malleability,  hard- 
ness, and  fusibility  (see  also  Plate  XV)  are  taken  from  Mallet^s  experi- 
ments on  a  series  of  16  alloys,*  the  figure  1  representing  the  maximutn 
and  16  the  minimum  of  the  pmperty.  The  ductility  of  the  brittle  metals 
is  represented  by  Mallet  as  0. 

The  relative  ductility  given  in  the  table,  of  the  alloys  experiment<ed  on 
by  the  board,  is  the  proportionate  extension  of  the  exterior  fibers  of  the 
pieces  tested  by  torsion  as  determined  by  the  autogi*aphic  strain-diagrams. 
It  will  be  seen  that  the  order  of  ductility  difiers  widely  from  that  given 
by  Mallet. 

The  figures  of  relative  hardness,  on  the  authority  of  Calvert  and 
Johnson  (Plate  XV),  are  those  obtained  by  them  by  means  of  an  indent- 
ing tool.  The  figures  are  on  a  scale  in  which  cast  iron  is  rated  at  1,000. 
The  word  "  broke"  in  this  column  indicates  the  fact  that  tlie  alloy  op{)osite 
which  it  occurs  broke  under  the  indenting  tool,  showing  that  the  relative 
hardness  could  not  be  measured,  but  was  considerably  greater  than  that 
of  cast  iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among  the  several 
authonties  in  the  alloys  containing  more  than  35  i)er  cent,  of  tin,  except 
those  given  by  Mallet,  which  are  in  general  very  much  lower  than  those 
by  all  the  other  authorities.  In  the  alloys  containing  less  than  35  per 
cent,  of  tin  there  is  a  wide  variation  among  all  the  different  authorities. 
Mallet's  figures,  however,  being  generally  lower  than  the  others.  Several 
of  the  figures  of  specific  gravity  have  been  selected  from  Riche's  results 
of  experiments  on  the  eti'ects  of  annealing,  temi>ering,  and  com|)ression, 
which  show  that  the  latter  especially  tends  to  increase  the  specific  gravity 
of  all  the  alloys  containing  less  than  20  per  cent,  tin  to  about  8.95.  This 
result,  as  stated  in  the  discussion  on  specific  gravity  (page  377),  is  due 
merely  to  the  closing  up  of  the  blowholes,  and  thus  diminishing  the 
porosity.  The  si)ecitic  gi*avity  of  8.953  was  obtained  by  Major  Wade  by 
casting  a  small  bar  in  a  cold  iron  mold  from  the  same  metal  which  gave 
a  specific  gravity  of  only  8.313  when  cast  in  the  form  of  a  small  bar  in 
a  clay  mold.  The  former  result  is  exceptionally  high,  aiul  indicates,  the 
probability  that  every  cinnimstance  of  the  melting,  x>ouring,  casting,  and 
cooling  was  favorable  to  the  exclusion  of  the  gas  which  forms  blowholes, 
and  to  the  formation  of  a  perfectly  compact  meta.1. 

Plate  XII  gives  a  comx)ari8on  of  the  figures  of  si)ecific  gravity  ob- 
tained by  different  experimenters. 

The  figures  of  tenacity  given  by  Mallet,  Musclienbroek,  and  Wade 
agree  with  those  found  in  the  exiieriments  described  in  this  report  as 
closely  as  could  be  expected  from  the  very  variable  strengths  of  alloys 
of  the  same  composition  which  have  been  found  by  all  experimenters. 

Mallet's  figure  for  copper,  24.6  tons  or  55,104  pounds,  is  certainly  much 
too  high  for  cast  copper ;  the  piece  which  he  tested  was  probably  rolled 
or  perhaps  drawn  into  wire.  Haswell's  Pocket  Book  gives  the  following 
as  tlie  tensile  strength  of  copper;  the  names  of  the  authorities  are  not 
given: 

Pounds  per 
square  inoh. 

Copper,  wrought 34,000 

CopfM3r,  rolled 36,000 

Coppcir,  cast  (American) 24,250 

Copper,  wire 61,200 

Copper,  bolt 36,800 

**  See  appendix. 
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The  fifjure  for  cast  American  copper  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  fij^iires  obtained  by  the  writer  for  alloys  of  7.5,  10,  and  12.5  per 
cent,  tin^  viz,  27,9()0,  26,800,  and  31,100  pounds,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  rememlx»red,  how- 
ever, that  bronze  guns  are  usually  cast  under  tJie  pressure  of  a  head  of 
metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part,  of  a  gun -casting,  or  sinking  liea<l,  is  not  greater  than 
those  of  the  small  bars  which  have  been  te^^ted  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  i)er  8<iuare  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  few  extracts  which  have  been  made  from  the  re- 
port of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze  : 

Bronze  guns  made  at  Chicopee,  Mass.,  1850. 

^^  Tenncity. 

Tin,  Ipart 7.297      2,122 

Copper,  8  parts  (mean  of  9  samples) 8.  G72  •  24, 252 

Mean  of  8:{  guns 8.751     

Mean  of  83  gun-heads 8,523    29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gnn 
(a  32-pounder  howitzer):  Specific  gravity,  8.487  to  8.835  5  tenacity,  20,428 
to  52,102.  Extreme  valuation  of  all  the  samples  tested :  Specific  gi'avity , 
8.308  to  8.850 ;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun-heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23/>29  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality ;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  8:)ut7i  Boston,  Mass.,  1850 — \2-pounder  howitzers. 

Composition,  10.71  parts  tin  in  100. 

^^.  Tenacity 

Mean  of  12  gun-heads 8.353    28,011 

Mean  of  12  smaU  bars  cast  with  gun 8.  800    52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  superiority  of  the  small  bars  over  the  gun-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooling  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  aft-er  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  seimrate  molds,  are  cooled 
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rapidly  from  first  to  last,  and  tlie  cavities  formed  during  their  contraction 
are  not  supi)lie<l  from  any  separate  source.  To  these  circumstances  we 
must  attribute  tlieir  inferiority  to  the  bars  cast  in  the  gun -molds. 

Three  howitzers,  Nos.  27,  28,  and  29,  were  cast  from  the  same  liquid 
metal  contained  in  a  crane-ladle.  No.  27  was  cast  when  the  metal  was 
at  the  highest  temperature  ;  Xo.  28  was  cast  fifteen  minutes  later ;  and 
No.  21)  fourteen  minuteiJ  after  Xo.  28.  The  following  results  were  ob- 
tained : 
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In  casting  another  howitzer,  No.  30,  small  test-bars  were  cast  in  sep- 
arate molds,  one  of  which  was  of  cast  iron,  to  ascertain  the  efiect  of 
Bfldden  cooling,  and  the  others  were  of  clay,  similar  to  the  gun-mold. 
The  tests  of  all  the  samples  from  this  casting  were  as  follows : 

Xl^.    Tenacity. 

Small  bars  cast  separately  in  iron  mold fc?.  953  37,  H88 

Small  bars  cast  separately  in  clay  mold 8.  'M*i  kf),  783 

Small  bar  cast  in  guu-raold 8.  b'9o  5.J,  798 

Gan-head Bamples 8.490  35,578 

Rnighcd  howitzer 8.733 

In  the  conclusion  to  his  report  on  gun-bronze  Major  Wade  says: 
"The  general  results  which  are  exhibited  in  this  report,  on  the  (pialities 
of  bronze  as  they  are  found  in  guns,  are  mostly  of  a  negative  character. 
They  expose  defects  in  density  and  strength,  develop  the  heterogeneous 
texture  of  the  metal  in  different  parts  of  the  same  gun,  and  show  the 
irregularity  and  uncertainty  of  quality  which  attend  the  casting  of  all 
guns,  although  made  from  similar  materials,  treated  in  like  maiint  r.  The 
ascertained  facts  which  this  report  exhibits,  although  they  relate  chiefly 
to  existing  imi)erfections  in  the  ait  of  manufactiuing  bronze,  will,  it  is 
believed,  be  found  useftil.  They  may  serve  to  awaken  the  attention  of 
those  who  may  henceforth  be  concerned  in  conducting  this  branch  of 
service,  and  to  suggest  such  improved  methods  of  treating  the  materi- 
als as  will  ultimately  raise  our  knowledge  of  the  art  to  an  ecjuality  with 
that  which  has  been  attained  in  the  manufacture  of  iron  cannon." 

That  the  strength  of  ordinary  ordnance-bronze  is  still  variable,  twenty 
years  after  Major  Wade's  report  was  written,  is  shown  by  the  following 
reconls  of  twelve  tests  made  by  the  Ordnance  Department,  United  States 
Navy,  and  furnished  to  the  writer  by  Cai>t.  William  N.  Jeliers,  United 
States  Navy,  Chief  of  the  Bureau  of  Ordnance. 
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Nary  ordnance-bronze  tested  in  1875  and  1876  at  Wa^hingtonj  D.  C. 
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Fall  of  large  tin  spots. 

Cast  in  cbill  mold. 
Cast  in  chill  mold. 

Flaw  in  the  breaklog portion. 
Cast  in  chill  mold. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 


The  guns  cast  in  chill  molds  were  composed  of  10  parts  of  copper  to 
1  part  of  tin ;  the  others  were  of  9  parts  of  copper  to  1  part  of  tin. 

That  a  great  improvement  may  be  made  in  the  density  and  tenacity 
of  gun-bronze  by  compression  has  been  shown  by  the  experiments  of 
Mr.  S.  B.  Dean,  in  Boston,  Mass.,  in  1869,  and  by  those  of  General  Ucha- 
tius,  in  Austria,*  in  1873.  The  former  increased  the  density  of  the 
metal  next  the  bore  of  the  gun  from  8.321  to  8.875j  and  the  tenacity 
from  27,238  to  41,471  pounds  per  square  inch.  The  latter  by  a  similar 
process  obtained  the  following  figures  for  tenacity : 

Pounds  per  aqnare  inch. 

Bronze  with  10  per  cent,  tin 72^0SA 

Bronze  with  8  percent,  tin 73,968 

Bronze  with  6  per  cent,  tin 77,656 

The  density  of  these  specimens  is  not  given,  but  it  probably  approaches 
very  closely  to  8.95.  It  is  believed  that  tlie  experiments  of  General 
Uchatius  are  still  in  progress. 

The  experiments  of  Kiche  have  also  shown  the  increase  of  density  by 
compression  and  tempering.  A  translation  of  his  paper  on  this  subject 
is  given  in  the  appendix. 

Tlie  table  of  comparison  of  authorities  is  by  no  means  complete.  No 
account  is  taken  of  a  vast  number  of  ancient  bronzes,  weapons,  medals, 
coins,  and  sonorous  instruments,  which  have  been  described  by  various 
writers.  These,  however,  differ  but  little  in  comi>osition  and  properties 
from  the  ordnance  and  bell  metal  given  in  the  tables. 

It  will  be  observed  that  while  there  is  considerable  irregularity  in  the 
tenacity  of  the  alloys  containing  more  than  27.5  per  cent,  of  tin,  they 
are  all  extremely  weak,  the  highest  strength  found  by  any  experimentex 
being  only  8,736  pounds,  and  valueless  for  all  purposes  in  which  strength 
is  required. 

It  has  been  shown  that  the  useftil  alloys,  those  which  contain  less  tJian 
27.5  i)er  cent,  of  tin,  have  strengths  which  are  nearly  proportional  to  their 
densities.  A  systematic  investigation  remains  yet  to  be  made  to  ascer- 
tain the  varioTis  causes  which  operate  to  i)roduce  the  blow-holes  which 
are  the  principal  cause  of  the  lack  of  density,  and  the  means  which  may 
be  taken  to  prevent  the  operation  of  these  causes. 

*  Ordnance  Notes  No.  XL,  Washington,  D.  C,  1876. 
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As  before  Btated,  compression  of  the  metal,  either  in  the  fluid  state  or 
alter  it  has  solidified,  increases  the  density  and  consequently  the  strength, 
by  closing  the  blow-holes  and  compressing  the  gas  which  the  blow-holes 
contain. 

If  the  formation  of  the  gas  which  causes  these  blowholes  can  be  pre- 
vented, or  if  it  can  be  removed  from  the  metal  while  the  latter  is  still  in 
a  fluid  state,  it  is  evident  that  the  cast  metal  will  be  entirely  free  from 
them,  and  a  metal  of  greater  density  and  strength  will  be  obtained 
whicn  may  not  need  further  compression. 

No  means  has  yet  been  discovered  by  which  this  desirable  result  may 
be  accomplished,  but  it  is  not  improbable  that  it  may  be  done  by  a 
proper  system  or  treatment  of  the  fluid  metal,  or  by  the  use  of  fluxes 
which  shall  chemically  unite  with  the  gas  of  the  blow-holes  and  prevent 
its  existence  in  the  gaseous  state.  The  subject  oflers  a  fruitful  field  for 
experiment^  one  which  it  is  proposed  to  explore  after  concluding  the 
researches  in  progress  on  castings  of  copper-tin,  copper-zinc,  and  triple 
alloys. 
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[Fir9t  Seriet.] 

RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 

Mechanical  Lauouatouy,  DsrAUTMSNT  of  E.ngi.xkbkixo,  Stevexs  Ixstitutb  of  Tkchxologt. 

TABLE  XXI.-CAST  COPPER. 

Original  mark:    No.  1.— Mat<>nnl:   Copper,  ctu^t  in   hot   iroD   nitild. — DimeDMoDS :    Length  betvees 

mippuits,  I  =  2-i".     Jiifuilih.  b  =  0.994".     Dt-ptb,  d  -  1.010". 
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•■••••"•••• 

2,404  496 

0.578 

Broke. 

At  6J0  pf>nnds  a  crack  appeared  on  the  ander 
aidd  of  the  liar.  Alter  reatiiuj;  the  set,  the  tar 
Huiik  lupiilly  iiiidir  519  utiuud*.  and  broke. 

Bre^ikUK  load  650  putindii. 

Modulus  of  rupiure,  R  =  ^  T^j  (  P+  3)=81,S5l. 


TABLE  XXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Xo. 2.— Material :  Alloy.— Originftl  inixttiro :  ^-i.  I  Cn  I  nSn.—  knalynis :  97.89  On,  1.90Sd. 
Ca'^t  ill  dry  sand. — DiineuHioDt) :  LeuKtli  bolweuu  HUppui-.u.  i^'.    Bivadib,  l.OU".    Depth,  l.OUS^. 


5 

10 

15 

20 

30 

40 

50 

til 

70 

i^O 

90 

lUO 

0 

12-> 

175 

2(0 

0 

92.'> 

250 

0 

21.-) 


0.00-< 
0  (Nl'i4 
0. 00  W 
0.  (•0.)5 
0.  (10-0 
0  09.') 
0.01-2 
0.013 
0.014 
O.Olfi 
0.017 
0.  020 

0  010 
0  041 
0.0  J4 

O.Ofio" 
0.  ( 92 


0.  1-24 


0.000 


0.0095 


0.045 


13,  487, 674 


11,15.3,271 

ll,:r24.079 

9,  798,  737 


8, 60R,  3.14 
7,  101.  098 


Till'  defleetimi  fiicreaHed  ^ritb  time,  but  the  test 
wait  continued  wiihuut  stopping. 


300 
0 


0. 202 


0.136 


3,900,516    I 


32."> 
3.10 
375 


0.297 
0.:i08 
0.517 


S,  495, 107 


The  deflection  increased  rapidly  with  time. 


0 
400 
42^ 
0 
450 
475 
In  3  m. 
0 
500 
In  10  m 
5>5 
5  0 
In  3  m. 
57.^ 


0.836 
1. 120 

""i,454 

I.  7fi2 
2.05:1 

2.  108 
2.:i9ti 
2.7:IS 

3.  147 

4.  305 
4.5<il 


0.537 

i.  253. 455*" 

1.017 

H)9,888 

1.931* 

. 

456,612 

Bar  bent  rapidly,  and  slipped  tfarongh  between 

HUppoltx. 

Kreakinje  load  (citnHldHrad   to   be    that  wUck 
cauHen  a  deflection  of  3|"),  HbO  pounda. 

3     I  . 

MtMluIits  of  raptare,  R  =  ^  rTj-fP + 3)=17,872. 


TESTS    OF   METALS. 


401 


RECORD  OF  TESTS  BY  TRANSVERSE   STRESS-Contiuueil. 

IFirsi  aeries.'] 

ItECIiAXICAL  L.iBORATOBY,   DSPARTMKNT  OF  ENOINBJBINO,  STEV£X3  IN^TITLTB  OK  TF.CIINOLOUT. 

TABLE  XXIIL— ALLOY  OF  COPPER  AND  TIN. 

Oristnal  iii«rk  :  No. 3.->Material :   Alloy.— Orijrinal  mixtare:   96.37  Go. 3.73  8d.— Analytin :   96.06  Cd, 
3.76  Sn.— Dimeiuiona:  Lengtli  betweon  supports,  iif'.    Breadth,  1".    Depth,  0.9Ub". 


Load. 


Deflection 
A 


Ponndi.< 
6 
10 
»    I 

30 

JO 

0 

W 

too 

It» 
130 

0 

175 

»0 

•  40 

230 

0 
«73 
300 
350 

0 
375 
«M 

0 

«o 

0 
0 

&:jo 

■6 
ST5 
€00 
UftlOm 
U'JOm. 
InjOia. 
0 
825 
690 
lalOnf. 
hiOni. 
loSOm. 
0 

e:5 
:oo 

Ib  Joi 

In  (0  lu 


0.499 
0.441 
0.559 
0.583 


Inehe$. 

0.0008 

0.0018 

0.0U» 

0.0047 

0.007 

0.010 

0.017     ; 

0.  Qfii 

0.  Qzi     ! 

0.096 

6.039 

0. 041 

0.0  i5 

0.051 

6.054" 

0.060 

O.Ut9      1 

o.on 

aotis 

o.6w  ' 

0.095 

'"©."ioa"'" 

0. 122 

6.124"' 

0. 13ti 

0.156 

0.181 

0.299 

0.944 

0.252 

0.968 

0.287 

0.;)89 

0.410 

0. 421 

Set. 


E= 


Modulns  of 
elasticity. 


i^bd' 


(P+4) 


Inches. 


0.0016 


0.00S4 


13, 962,  m 

i5,'g62,*468* 

14,0^6,"  447* 
13, 325, 025 


. 

13, 337,  830 

0.004     ' 

13,  ,%H.  fiH3 

1 

13. 73i».  054 

0.006 

1 

13,  035,  420 

O.OIO 

1 

12,  798,  349 

0.  014 

1 

11,063,497 

0.095      ! 

10,751,086 

0.042 

■ 

8, 938, 754 

...... ......  1 

0.108 

{ 

0.302 

4,275,  1J»3 

Load. 


Pwmdn. 
In  20  m. 
In30ni. 
In40n]. 
In  50  m. 
1  hour 
0 

700 

72.') 

750 
In  5  ni. 
Ill  10  m. 
lu  SO  m. 
lD25ni. 
0 

775 

800 
In  5  m. 
InlSm. 
0 

825 

8.M) 
In  5  m. 
Iit45ni. 

0 
875 
900 
In  5  m. 
In  15  m. 
In  30m. 
In  45  ni. 
0 
925 
950 
In  .^>  ni. 
In  15m. 

975 

In  5  m. 

In  10  m. 

1.000 

In  5  m 

In  15  m. 

In  45  m 

Ifc  15« 


Deflection 

A 


Incheg. 
0.6U1 
0.618 
0.630 
0.  642 
0.650 


0. 
0. 
0. 
0. 


658 
6fi9 
701 

846 


O.hPO 
0.913 
0.925 


0.946 
0  972 
1.217 
1.964 


1.280 
1.323 
l..'i83 
1.  732 


1.892 
1  929 
2.095 
9.162 
2.256 
2.319 


2.3.33 

2.402 
2.5{;6 
2.662 
2.713 
2.98S 
3.01)1 
3.118 
3.  540 
3.660 
4.102 
7.634 


Set. 


Jnehe4, 


0. 524 


0.780 


1.110 


Modulns  of 
elastioity. 


l,C9e,081 


"i.iis  "  '.'"/.'.'.V.'.'.'.'.'.V.V. 

1,255,041 

1 

9.129       

...........    862.341 

1 

Tray  reached  bottom  of  sap- 
ports. 
Brealiinf;  load,  F  =  1,000  pounds. 

3     { 
Modulus  of  rupture,  R=  g  ^^  (P +3)— 3,^,232. 


H.  Ex.  98- 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Con  ti  cued. 

[First  aeries,'] 
Mechamcal  Lauoratokt,  Dkpabtmext  of  Ekgikeering,  Stevens  Institute  of  Technologt. 

TABLE  XXIV.— ALLOY  OF  COPPER  AND  TIX. 

Original  innrk:  Xo.  4.— Material :  Alloy. — Original  mixture:  92.8  Cn,  7.2  Sn. — Dimensions:  Length 

between  sapport's,  22".    Breadth,  0.997".    Depth,  1.012". 


I 


Load. 


Deflection 


Pounds '     Inehet. 

Hi  0  0008 

10  ;        0.0016 

20  I        0.0039 

aO  0. 007 

40  0. 010 

60  ,        0. 013 

80  0. 017 

100  0.020 

0 

125  0. 024 

150  0. 029 

175  0. 034 

200  0. 041 

0   

225  0. 045 

2.'i0  0. 052 

0   

275  0. 057 

300  0. 059 

0  : 

325  '    0.063 

350  0. 066 

375  0. 072 

400  0. 075 

0   

425  0. 079 

450  0. 082 

475  0. 087 

0   

500  0.095 

0   

525  0. 102 

.■S50  0. 106 

0   

575  0.112 

0   

600  0. 124 

0   

6.50  0. 137 

0   

700  0. 153 


Se^. 


Modulus  of 
elasticity. 


Inches. 


Load. 


!  Pounds. 

0    ; 


Deflection 


"13,396,305 

0.000 



13,  660, 575 

ii  818. 227  " 

0.000 

12, 583,  801 

0.0008 

13, 274,  439 

0.000 

13.817.863 

""o.'ooo" 

13,  877, 197 

14, 263,  420 

0.0016 

13,  677,  484 

6.6624 

13. 464. 355 

0.  0032 

0.0055 

12,  548,  648 

0.0095 

0.013 

11.853,945 

750 

I      800 

■  0 

850 

900 

0 

'       950 

In  5  m. 

1,000 

In  5  m. 

0 
1,050 
lu  10  m. 
1,100 
,  In  10  ra. 
'  0 

1,100 
1. 15U 
'  In3ra. 
1,200 
In  10  m. 

0 
1,200 
I    1.250 
In  10  m. 
Id  .30  m.  I 
I  15»«  30«» 
0    ' 
I    1.250    I 
1.300 
In  10  m. I 
;  In30m.l 
1,350 
In  30  m. 


Inches. 

6.' 173' 
0.199 


0.232 
0.287 


0.348 
0.429 
0.491 
0.584 


0.  620 
0.7H1 
0.858 
1.031 


1.053 
1. 1.'i5 
1.289 
1.384 
1.824 


1.P24 
1.935 
2.178 
2.281 
2.638 


2.639 
2.746 
2.911 
2.966 
a  226 
6.706 


Set 


0.049 


0.116 


0.379 


0.807 


1.549 


2.343 


Est 


Hodnlos  of 
elasticitj. 


Inches. 
a020 


4/iM* 


(P+4) 


10,408,413 
*8,'li4,"®0 


5,267,855 


3.314,847 


2.240.640 


1,223,3S 


Tray  reached  bottom  of  sop- 
p»»rt«. 
Breakiof!  load,  P=l,350  pounds. 

3    2 
Modulus  of  rupture,  R=  ^^,  (P-|- 3) =43,131. 
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RECORD  OF  TESTS  BY  TRANSVERSE   STRESS— Continued. 


I  First  series.] 

Mrchaxical  Labohatoky,  Dei'autment  of  Enolneering.  Si  evens  Institute  of  TECHNOi.o<iY. 

TABLE  XXV.— ALLOY  OF  COPPER  AND  TIN. 

Oripnal  iDftrk :  No.  5.— Material:  Bronze.— Oriplnal  mixture:  90  Cii,  10  Sii.— Analysis:  90.87  Cu,  D.58 
Su.—DiiuensioDB:  Length  betweeu  Buppurts,  Ifci".    Breadth  l.OOe'^    Depth,  0.993". 


Load. 


Pwindt. 
31; 

40 
60 

m 

0 
150 

m 
m 

300 

0 
330 

0 
400 

0 
450 
300 

0 
550 
600 

0 
650 

0 
WO 

0 
750 

0 
800 

0 
850 

0 
900 

0 
950 
IfiSm. 


Duflectioo 


Inches, 
0.UO08 
0.0063 
0.017 
0.O-2O 
0.0S6 
0.030 
0.033 


0.034 
0.043 
0.053 
0.063 


0.079 

0.093 

0.100 
0.107 

0.123 
0.139 

0. 153 

0.171 

0  192 

0.221 

0.256 

0.306 

0.395 
0.416 


Set. 


Inches. 


0.036 


0.054 

"o'.bii 
o.iih' 


Modalnn  of 
elaiiticity. 


9, 350, 764 

0.0024 

12, 217, 342 
12,  796,  662 

12. 926,  t«53 

13. 015.  713 

0.  0024 

12, 086,' 794 

0.047 

11,717,459 

0.0024 

"'i2,'245,''j63""" 
12, 705, 206 

0.0047 

12, 24R.  Xie 

11,  730,  796 

0.  010 

0.010 

0.033' 

11,104,794  " 

9,  8Vi,  931 


7, 968,  600 


Load. 


Deflection 


Inches. 


Set. 


Modolus  of 
elasticity. 


Inches. 
0. 202 


0.424 
0.467 
0.550 

»  •  ■  •  •  «  ■ 

0.595 
0.693 


5,  798,  983 


0.723 
0.849 
0. 951 

0.971 
L050 
1.085 

0. 331 
6.44.5" 


I 


3,  507,  489 


0.  672 


0.817 


Pounds. 
0    I 
9.50    . 
1,000    < 
In  15  ID.  I 
0     I 
1,050 
In  10  m. 
0    I 
l,OfO 
1,100 
In  10  m. 
0    I 
1,10U 

1,150  : 

in  5  m.  ' 

0  I 
1.150  I 
1,200  ! 
In  15  ni.' 
1,250  I 
In  3  m. 
1,300  I 
In  3  m. ' 

1,350 
1, 435     I 
In  3  m. 
1,435 
1.485    , 
In  3  ni. . 

^    i 
1,485  in  I 

10  ni. 

Brealcing  load,  1,485  pounds. 

3    I 

Modulus  of  rupture,  R=~o>;w:e (P+  3)=  49,400 


L109 
1. 1:« 
1. 6(19 
1.737 
1.997 
2.239 
2.658 

"i*683' 
2.979 
3.129 
3.331 
3.447 
4.589 

'7.' 534' 


2,  868,  897 


2.316 


1,  570,  336 


1,  293,  ^tid 


4.108 

Bar  bent   rapidly    till    tray 

reached  bottom  of  suppoi-ts. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS-Contiuned. 

IFirat  series,'} 
Mkihwical  Lauoratohy,  Depaktmext  op  E.n'guierrino.  Stevens  Inbtitltr  of  Tbcii.nglogt. 

TABLE  XXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  6.— Material:  Alloy.— Original  mixture:  80.57  Cn,  13.43  Sn.— .\nalyjiin :  87.15 Co. 
1*2.73  Sn.—DimeimloDa:  Length  between  supports,  22".    Breadth,  0.996".     Depth,  1.005". 


Deflection 

Load. 

A 

I*uiiud9. 

Inches. 

10 

0.0024 

20 

0.  0055 

:io 

0.  0079 

40 

0.0079 

1.0 

0.011 

^0 

0.018 

100 

0.  OiH 

0 

l*^ 

0. 032 

15l» 

0.039 

0 

175 

0.045 

liOO 

0.051 

0 

2f.O 

0.069 

300 

a  085 

0 

350 

aii4 

4(H) 

0.139 

0 

4J0 

0.1 5fi 

roo 

0.176 

0 

550 

0.201 

(iOO 

0..3tf 

0 

Set. 


Inchet. 


E= 


Modnlus  of 
elasticity. 


Load. 


I  Deflection. 


I  9,775,850 

0.0016    , |lnl5ii). 

10.6>4,42l        ,  0 

10,397,121         '       H50 

0.0032    I Iu30m. 

1         10,473,635        :  0 

'    10,532,146      900 

0.0032    i InlJiu. 

9,  692, 628  0 


PoundM. 

Inchen 

e.'W    1 

0.269 

700    1 

0. 3-2H 

In  10  m. 

0.388 

0     . 

750 

0.  421 

In  10  m. 

0.496 

800    1 

0.  5:t2 

0.717 


I 


0,  416,  976 


r 


0.770 
0.  972 

1.024 
L205 

950 


0.0047     ,  In  15  ni. 

I  8,176,271        ■    1,000 

7, 65^  855        I  In  15  m. 

0.008      ' !  0 

i  7.662,812  1.050 

7,540,061 
0.027 

7, 2.57, 225 

«,  738,  789 
0.058        


1.2/»5 
1.  624 
1.685 
2.114 


Set. 
laches. 

Modnlas  of 

ehwtidty. 

"  "s'csl.aw*" 

"'0.177' 

3,979,251 

0.453 

'  6.'650 '" 

a,32M77"* 

0.913 

1,568,884 

1.717 

Broke  abont  10  scconcU  after 

2.991 
placing  the  weight  on  the  bar. 

Breaking  load,  1,050  pounds. 

3    2 
Modulus  of  rnptnre,  R  =  o  t^  (P  +  3)^  34,5J1. 


TABLE  XXVII.— ALLOY  OF  COPPER  AND  TIN. 

Oii{?inal  mark:  No. 7.— Material:  Alloy. -Original  mixture:   80  Cn,  20  Sn.— Analysis:  80.ft5Cn,  1484 
Sn.— Dimensions:  Length  between  supports,  22^'.    Breadth.  0.998".    Dep'th,  1.011". 


5 

lU 

20 

50 

75 

100 

125 

150 

175 

200 

0 

3-^5 

250 

275 

300 

0 

325 

3f»0 

375 

400 

0 

425 

4.')0 

475 

500 

0 

521 

^5;.0 

.')75 

1.600 

0 

£625 

t6:o 

i675 
700 
0 
7-25 
750 
7rt 
80O 
0 


0.0008 

0.0016 

0.0055 

0.0095 

0.021 

0.025 

0.028 

0. 033 

0.  037 

0.043 


0.0034 


10,  737.  827 
11.891,996 
12, 045, 639 
12,  487,  468 
12, 245, 726 


I 


I 


0.045 
0.051 
0. 057 
0.063 


•r 


0.069 
0.073 
0.077 
O.Ortl 


0.  083 
0.087 
0.  (.94 
0.09d 


0.103 
0.  1U5 
0.114 
0.  122 


850 

875 

900 

0 

935 

950 

975 

I  1,000 

'I    0 

I  1,050 

{I    0 

I  1.  075 

'  1,100 

;l  1,150 

1,200 

I  1.250 
I  1,300 

I I    0 

I    12,874,176    i  1,350 

0.0047  ' I  1,400 

I I    0 

' I'  1,450 

I  1,500 

i    13,274,787    ,    0 

0.0063  "  1,550 

1,600 


0.179 
0.177 
0.164 


0.188 
0.192 
0.197 
0.201 


0. 0103 


0.909 


0.012 

o.'oiij' 


U.1039 


12,  855,  428 
12,' 455,' 356* 


0. 213 
0.  219 
0.231 
0.256 


19, 517, 091 


0.128 
0.  132 
0. 134 
0.1-10 


0. 0039 


0. 152 


12,  779, 007 


12, 979, 791 


[od 

0.305 
,        0.320 

'        0. 3.39 
0.360 

'""o.'see"" 

0.415 

""'0.'44i   ' 
j        0. 470 

'"*o."5i6" 

0.537 

0.026 
"o.*039" 

'aoss' 
'aois' 
'oforo' 

'6.' 126' 

"ai69' 


0 

I  1,650 

1.71.0    I        0.470        9,355.951 

0.0063    I I  0  "     " 

1,750  0.510       I 9,902.114 

I ilul5h 

1, 520  0.  469 

'  1.6-JO  0.492 

I  1, 750       Broke  10  .seocmds  after  puttinj;  on  the  Ui 
0.155       ' I  pound  of  the  weight. 

Vm       !"* i2,*426.'896""  I      Breaking  load,  1,750  poonds. 

b'/m"  ....?"^!?..  !!!.'!.".".!!!'.!'.!*.!!  '      Modulusof  rupture, R  =-3  j;^-,(P+ 3)  =56,715. 


12,681,5tt 


12,893.200 


13,012.118 
12,' 139,' 743* 


11.810.161 

"ii.'395."osii' 

'io,'7S,"7l4* 
'9, 976,' 527 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continuetl. 

[First  series,'] 
VECIIA5ICAI.  Laboratory,  Department  of  Enqinrrring,  SiEVEXrt  Lvstitutk  of  TEnnxoLocY. 

TABLE  XXVin.-ALLOT  OF  COPPER  AND  TIN. 

Original  mark  No. 8.— Material :  Alloy Ori^nal  mixture:  76.32  Cn.  23.68  Sn.— Aiial»iB:   laKi  Cn, 

33.S4  So;.— DinieuHioDs:  Leogtli  iMstween  siippurts,  U2".    Breadth,  0.99d".    Dtpili,  l.OOS". 


Deflection 

Load. 

1 

A 

Popidi. 

/iwAw. 

5 

0.0008 

10 

O.OOIO 

SO 

0.0O39 

40 

0.0O95 

60 

0.014 

(0 

O.O-iO 

lUO 

O.Oii 

m 

0.02^ 

IJO 

0. 0.}.') 

auo 

0. 04r> 

0 

8i) 

0.017 

iJti 

0. 0.'i4 

rb 

0.030 

300 

0.061! 

3-£> 

OOtiU 

330 

U.073 

400 

0.081 

4-S 

0.08^ 

4J0 

0.0in2 

475 

0.098 

500 

0.  lOl 

m 

0.106 

Set. 


Itwhet. 


E  - 


Mod  ulna  of 
elaat  icily. 


4A-d-»i;<P^-»' 


0.0039 


U,4^J,377 

ii,  606.' 136* 
12,01U,()50 


12,471,374 
13,666,384 


13,2-i4,-ill 


13, 230,  722 


Load. 


Poll  1}  (it 
.'..lO 
.')75 
600 

0 
62:> 
675 
700 
72.-> 
750 
77.5 
^-OO 
Bil 
850 
H75 
900 

0 
925 
950 

0 
975 


Deflection 

A 


Inches 
0.110 
0.110 
0.120 

"6.124' 
0.  133 
0.143 
0.  147 
0. 151 
0. 15<) 
0.161 
0.  iri5 
0.  173 
0. 175 
0.179 

'6.184' 
0.191 


Set. 


ModnliiR  of 
elasticity. 

E--4/w»<P+-«> 


Inchea. 


13, 345,  G59 


0.0055 


13, 05.3,  021 


13, 240,  505 


0.0055 


13, 39 ',284 


13,243,091 

0.0055       

Broke  juat  aa  the  wei(;bt  wna  applied. 

Breaking  weight,  975  pouuda. 

3    I 
ModnliiB  of  niptnre,  R—  '^  j^^,(P-f- 3) -=32,210. 


TABLE  XXIX.— ALLOY  OF  COPPER  AND  TIN. 

Origioal  mark:  Nn.  9 —Material :  Allnv.—Oriffinal  mixtnre:  70  Cu,  30  Sn.- Aiialyaia:  69.84  Cu.  29.88 
Su.— DiiutDaiuna:  Length  between  aupportt*,  22".    Breadih,  0,992".    Depth,  1'. 


40 
.*» 
GO 

eo 

100 
120 
140 
ISO 
160 
IdO 

teoo 

0 

220 


0.0008 
0.0039 
0.0071 
0.0087 

0  out 

0.017 

a  020 

0.022 
a  025 
0.02d 
0.027 

ao30 

0.034 


16,656,009 
13,' 954,' 634' 
15,  894,"  .387' 


0.000 


16, 104.  514 


240 

0.039      .. 

2.*^) 

0.04r 

16.624,412 

260 

0. 044 

280 

0.051 -- -- 

300 
0 

0.054 

"6.0668"' 

15, 106, 9  2 

320 

0.  058      . . 

340 

0.060 

0.002  :  . 

1 

350 

15. 321. 736 

0 

0.0039 
load  waa 

360 

Broke  Jnat  aa 

applied. 

Breaking  load,  360  poanda. 


3    2 


^..-  M.WM    I Modnlna  of  rupture,  R-    —  ^,(P-f3)--12,076. 


TABLE  XXX.— ALLOY  OF  COPPER  AXD  TIN. 

Orij^inal  mark  :  No.  10.— Material :  Alloy.— Original  mixtnre:  68.25  Cn.  31.75  Sn.— Aoalyaia:  69.58  Cn, 
31.26  Siu— Dime uaioua :  Length  between  aiipporta,  22".    Breadth,  0.990".    Depth,  1.004". 


4 

'      aono8 

ao 

a0039 

40 

a0O87 

so 

a  0103 

60 

0.012 

80 

a  016 

100 

0.019 

0 

125 

0.022 

150 

aosTt 

0.000 


13, 929,  650 

14,543,' 3 16* 

'i5,'737,"332" 


1 

175 

0.031 
0.035 

200 

15,  4?0. 233 

0    ' 

0.0016 

225    • 

0.039 
0.043 

2.50    ! 

I5.6O4..V16 

275       Broke  about  4  aeconda  after  pattin;:  on 
weight. 

Breaking  load,  275  pounda. 

3    I 
Modulna  of  rupture,  R_  2  j><P^^  +  '*^   -9102. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS -Con  tinned. 

IFirsi  series.} 

Mechanical  Lauoratouy,  DErAiiTMENX  ov  Engineering,  Stevens  Institutk  of  Tkcuxoloot 

TABLE  XXXI.— ALLOY  OF  COPPER  AND  TIN. 

Ori;;iMal  mark:  No.  11.— Material:  Alloy. -Original  mixture:  65  Ca,  3."5  Sn.— AnalyniR :  65.33  Cu,  34  47 
Sit  — Dimenaioiis :  Length  between  supports,  38".    Breadth,  0.98-2".    Depth,  1.003". 


Luail. 

Deflection 

A 

PoutuU 

I}iehe*. 

6 

O.OOOd 

i?0 

0.00:» 

30 

0.  0047 

40 

0.  0071 

50 

0.0095 

60 

0.011 

80 

0.013 

100 

0.016 

0 

Set. 


Modulua  of 
elasticity. 


Inches. 


15,521,368 


Load. 


Pounds. 
110 
120 
1:M 
140 


Defli>ction 

A 


hichen. 
0.017 
0.018 
0.  019 
0.0-20 


Set. 

Hodnlnii  of 
elasticity. 

Inches. 

18, 508. 501 

19, 344. 368 

0.000 


17.  4i)J,  665 


Broke  About  5  Hncond.<t  aft-er  patting  ou  weight. 
Breaking  load,  140  pounds. 

Moilulas  of  rupture,  R  =  ^  , '   (P4-3)  =  4,776. 


TABLE  XXXIL-ALLOY  OF  COPPER  AND  TIN. 

Oii;j;inaI  mark  :  No  1*2.— Material :  Alloy.— Original  mixture:  61.71  Cn,  38.99 Sn.— Dimensions:  Lenf^th 

between  supports,  2-2".    Breadth,  0.y92".    Depth,  1.000". 


6 

0.0008 

20 

0.0079 

25 

0. 0067 

30 

0.0095 

40 

0.018 

50 

0.021 

60 

U.O;>d 

ri,  9-14.  ms 
9,  603, 989 
6.  559,  587 
6,  900.  346 
6, 133,  026 


0 
70 

0 
(?0 


0.  032 


0.0071      

6,305,519 

0.0103        

Broke  just  as  weight  was  applied. 


BrcakiofT  load,  t<i)  pounds. 

Motliilus  of  i-UDturo,  II  =  !'_!-  (P  +  3)  =^  2,761- 

2£;a' 


3    Z 


TABLE  XXXIII.-ALLOY  OF  COPPER  AND  TIN. 

Ori<:iual  mark :  No.  13.— Material :  Alloy.— Original  mixturo:  56.3-2  Cn,  43.68  Sn.— Analynis:  .56.70  Cu, 
43.17  Sn.— Dimensions  :  Length  between  supports,  22".    Breadth,  0.99H".    Depth,  0.990". 


7 

0.0008 

10 

0.  0016 

20 

0. 0039 

25 

0.  0055 

30 

0.  0063 

0 

35 

6.6679  ' 

16,  916,  087 

14,  835. 139 

0.0<H) 

40 

50 

0 


0.00^7 
0.0103 


0.000 


1.3. 903,  301 
14,693,513 


60       Broke  just  as  weight  was  applied. 
Breaking  load,  60  pounds. 

Modulus  of  rupture.  R  =  ?  1-  (I*  -f  3)  -=  2,126. 

3  W 


TABLE  XXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  U.— Material:  Allov.— Original  mixture:  51.80  Cn.  48.30  Sn.— Anal vMs:  Tnp.  63  27 
Ou,  37  58  Sii.  Middle.  51.62  Cn,  48.09  Sn.  Bottom,  38.41  Cu,  61.01  Su.— Dimensioua  :  Length  between 
sapports,  17|".    Breadth,  1.005".    Depth,  0.0992". 


12  I 

20  I 

2.>  I 

30  ' 

40  i 

0      ; 

50     , 
60     < 

0  : 

65    I 

70     I 
0     ! 


0.  0024 
0. 0055 
0. 0087 
0.  0095 
0.012 


0.013 
0.018 


0.  021 

'6.' 622'" 


4,  851, 1.37 

"6.0671" 

4,  92.5.  769 

5, 174, 546 

0  0087 

0.010 

0.011 


80 

0 

90 

100 

0 

110 

1-20 

0 

1.30 

140 


0.0-28 


0.  032 
0.  035 


0. 037 
0.040 


6.6i3 

4, 366, 033 

6.'oi5" 

4, 324,  443 

4,511,661 


0.017 

0.040      

Broke  in  placing  weight  on  bar. 

Breaking  load,  140  pounds. 

Modulus  of  rupture,  R  =  ?  -  -  (P  +  3)  =  3,877. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 


I  First  series.'] 

Mechanical  Lahoratouy,  DErARXMRxr  op  Enqixbebino,  Stevens  Institute  of  TEciixoLOcr. 

TABLE  XXXV.— ALLOY  OF  COPPER  AXD  TIN. 

m 

Original  mark:  No.  15.— Material :  Alloy.— Original  mixture:  47.93  Cu.  52.05  Sn.— Analyf^is:  4T.G1  Cu. 
52.14  Su.— Dimensions:  Length  between  supports,  22".    Breaath,  0.990".    Depth,  1". 


Load. 


Deflection 

A 


Pounds 
8 
12 
20 

as 

30 
0 
33 
40 
50 
60 


Inches. 
0.000d 
0.0024 
0.0047 
0.0035 
0.0071 


0.0071 
0.0079 
0.0087 
0. 0103 


Set. 

Modulus  of 
elasticity. 

Inches. 

14, 177, 779 

0.000 

17,  039, 130 

• 

Load 


I  Pounds 
70 

eo 

0 

90 

100 

1U3 


Deflection 

A 


laches. 
0.0126 
0. 0142 


Set. 

Modulus  of 
elasticity. 

E-  ''    3(P+4) 
4  a  bd' 

Inches. 

15,  906, 105 

0.000 

0. 0166 

0.019      i i        14,718,131 

Broke  about  5  seconds  after  putting  on  the 
weljzht. 
Breakiug  load,  105  pounds. 

3    I 
Modulus  of  rupture,  R  =  3  ^^^8  (P  +  3)=  3,600. 


TABLE  XXXVI.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark":  No.  16.-Materlal:  Alloy.— Original  mixture:  44.63  Cu,  55.37  Sn.— Analysis:  44.52  Cu, 
35.28  Sn.— Dimensions :  Length  between  supports,  22'-.     Breadth,  1".    Depth,  0.994". 


6 
10 
20 
30 
40 
50 

0 

«0 

70 

80 

IIK) 


0.0008 
0.  0016 
0.  0032 
0.0047 
0.0063 
0.0087 


0.012 
0.015 
0.017 
0.018 


0.000 


19, 607,  962 
i6,823,"8G:V 


15, 660,  735 


I  0      0.000 

no  0.021 

liO  0.025        ,        13,444,141 

0      i        0.0016    j 

130  0.026       

140      Broke    immediately    after    putting    on 

weight. 
Breaking  load,  140  pounds. 

Modulus  of  rupture,  R  =  ''^  . '.    (P+  3)  -  4,776. 

2bd^ 


TABLE  XXX VIL— ALLOY  OF  COPPER  AND  TIN. 

MECUAMCAL  LABOttATORT,  DEFAETMENT  OF  EXOIXEEttlSG,  STEVENS  INSTITUTE  OF  TECHNOLOGY. 

Original  mark:  No.  17.— Material :  Alloy.— Original  mixture:  41.74  Cu,  58.26  Sn.— Analysis:  Top,  45.93 
Cn,  53.80  Sn.  Bottom,  38.83  Cu,  60.79  Su.  Mean,  42.38  Cu,  57.30  Sn.— Dimensions :  Length  between 
Bupporta,  2:".    Breadth,  1.002".    Depth,  0.990". 


12 

0.0008 

0.0016 

0.0039 

0.0063 

0.0079 

0. 0095 

0.010 

0.013 

0.013 

0.014 

1 

150 
0 
160 
170 
180 
190 
200 
0 
210 

0.017 

iiO 

i 

0. 0016 

30 

1 

0.022 
0.024 
0.026 
6. 028 
0.030 

20,451,411 

•40 

•■■•••  ••••••  •••••• 

50 

18, 752,  912 

19,  415.  409 

<>0 

............ 

70 

1 

18, 289, 876 

80 

19, 204. 372 

0.  0024 

90 

0.042 

Broke  abon 

t  20  Hf>condfi  aftar 

100 

20, 380, 620        1 

Breaking  weight. 
Mod  alns  0  f  ruptui 

applying  weight. 
210  pounds 
^    I 

0 

0,000 

120 

0.016 
0.017 

21,261.981 
23, 238,  907 

140 

■*'^=-2  6(P^^  +  ^^='^'^''- 



m  on 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

[  First  series.  ] 
Mechanical  Lauoratoky,  DErAUTMB>T  of  Enoinebiung.  Stevens  Institlte  of  Techxclogt. 

»  TABLE  XXX Vni.- ALLOT  OF  COPPER  AXD  TIN. 

Original  mark:  No.  18.— Material :  Allov.—Orijiinal  mixtare:  39.20  Cu.  60.80  So.— Analysin:  38.37  Cn^ 
61.32  SD.—Diinoasioxis:  Len^tti  between  sapporta,  22".    Breadth,  0.989".    Depth,  1.003". 


Load. 


Deflection 


Set, 


Modnlas  of 
elasticiiy. 


rounds. 

Inches. 

4 

0.0008 

20 

0. 0032 

25 

0.0039 

30 

0.0047 

40 

0.0087 

50 

0.  0103 

GO 

0.013 

70 

0.016 

80 

0.019 

90 

0.021 

100 

0.023 

0 

Inches. 


0.0008 


19, 855, 913 


13, 999, 516 


Load. 


Pounds. 
125 
150 
175 
200 

0 
225 

0 
250 


Deflt^otion 

A 


Inches. 
0.028 
0.035 
0. 042 
0.047 


Set. 


IncJies. 


0.0016 


0.060 


Modulus  of 
elaMicit^'. 


12. 302. 353 
11,749,22.1 
11,380.470 
11,  590, 144 

16,191*561" 


11,805,440 
12,074,366' 


0.0039 
Broke  Just  as  weight  was  applied. 


Breaking  load,  250  ponnua. 

Modulus  of  raptur3,R=  -|  |;^(P+3) 


8,400. 


TABLE  XXXIX.— ALLOY  OF  COPPER  AXD  TIN. 

Original  mark:  No.  19.— Material:  Alloy.— Original  mixture:  31.95  Cu,  65.05  Sn.— Analyflin:  34.22  Cu 
65.80  Su.— Dimensions:  Length  between  supports, 22'.    Breadth,  0.99L".    Depth,  1.004". 


6 
10 
20 
30 

0 
40 
50 

0 
60 
70 
80 

0 


0.0008 
0,0016 
0.0055 
0.0071 

0.0008 

0.  0103 
0. 0134 

10, 696,  444 

0. 0016 

0.017 
0.018 
0.021 

10, 617,  212 

0.0032 

100  0.025 

0 
120 
130 

0 
140  0.039 

l.'SO  a  043 

160 
Breaking  load,  160  pounds. 


11.041.901 

0.0063 

9.652,011 

0.118 

9, 528, 265 

9. 506, 108 
ght 

it  tine  on  we 

3     I 


Modulus  of  rupture,  R=  ^  ^(P+3)  =5,384 


TABLE  XL—ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  20.— Material :  Alloy.— Original  mixture:  28.72  Cu.  71.28  Sn.— Analysis  :  25.85  Cu, 
73.80  Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  0.990".    Depth.  1.002". 


4 

0.0008 

0. 0024 

0.0039 

0.0055 

0.012 

0.015 

0.018 

130 
140 

0 
150 
160 

0 
180 
200 

0 
220 
240 

0.047 
0.051 

12 

.•a          ••••                   •. 

1 

20 

0.014 

30 

O.O.'M 
0.061 

7,350,46a 

40 

9,  982,  832 
9,  622,  432 

50 

0.017 

60 

0. 075 
0.091 

0 

0.0016 



5, 991, 990 

70 

p\   PPPP\ 

1 
6.018,' 694""*! 

6.029 

80 

0.109 
0.121 

90 

5, 389, 97& 

100 

7, 942,  325 

Broke  30  seconds 

after  annlvi 

ng  weight. 

0 

'***6.*6639 

Breaking  load,  240  pounds. 

3     ] 
Modnlos  of  rupture,  'R—s—. 

120 

0 

0.010 

-(P+3)  =  8,06T. 

*     VM 

1 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS.— Contiaued. 

I  First  seri€8,'\ 

Mechanical  Lauoratort,  Dei^ahtmext  of  E.sjjixeekino,  Stkvkns  Institute  of  TKCiixoi.ot.Y. 

TABLE  XLL-ALLOr  OF  COPPER  AND  TIN. 

Original  mark:  No.  21.— Material :  Alloy.— Original  mixture:  81.38  Cii,  75.68  Sn.— Analysis:  23.35  Cu. 
76.89  Sn.—I)iineu»iou8 :  Length  between  aupports,  28".    Breadth,  1.008".    Depth,  0.995". 


Deflection 


uuaux. 

^ 

Pounds. 

Iv^et. 

6 

0.0008 

20 

0.0038 

30 

0.0071 

40 

0. 0103 

SO 

0. 0148 

60 

0.0158 

W 

0.083 

100 

0.089 

120 

0.035 

130 

0.041 

0 

p 

ISO 

0.054 

0 

170 

6.*6c6 

0 

Set 


ModnluB  of 
elasticity. 


Inches. 


18,914,205 

11,580,208 

10, 255. 393 

............  I 

9,849,141 

9,071,841 

0. 0047    ' 

7.890,841 

0. 0095 

0.  0166 


Load. 


Poftnda. 
800 

0 
2fi0 

0 
300 
350 

0 
3C0 
370 


Deflection. 


Jnehfn. 
0.0ti6 

0.148 

0.178 
0.330 

""6."245"" 
0.269 

Set. 

Inches. 
'6.088' 
"6.056" 


Modnlns    of 
I       elasticity. 


6, 397,  033 
'5,'6i3."747' 


4, 605,  75! 
4. 150.  805 

0.095 

3,  74P,  438 

Bioke  10  seconds  after  patting  on  weight. 
Breaking  load,  370  pounds. 

Modulus  of  niptnre,  R  =  ^ .  i.'P4-3)      i2,-»08. 

2  M« 


TABLE  XLIL— ALLOT  OF  COPPER  AND  TIN. 

Original  Mark:  No.  82.— MatorisI :  Alloy.— Original  mixture:  81.18  Cn.  78  83  Sn. -Analysis:  20.85  C« 
79.63  Sn.— Dimensions:  Length  b'etwoeu  supportH,  iti".    Breadth,  0.9c<8".    Depth,  1.005'. 


8 

0.0008 

10 

0.0047 

80 

0.0079 

85 

0.0095    , 

40 

a  015 

50 

0.018 

80 

0.038 

0 

90 

0.039 

0 

1 

100 

0.043 

e 

180 

6.066  ' 

0 

•  «  •  •  • 

ISO 

0.089 

ISO 

0.097 

la  15  m. 

0.184 

. 

9, 743, 644 

7,968,908 
6,  967,  544 

0.0047 

............ 

0.0087 

.................. 

6,  419,  710 

0. 0118 

0.086 

4. 598,  838 

i 

180 

0.134 

In  5  m. 

0.144 

0 

800 

0.164 

In  10  m. 

0.189 

0 

225 

0.803 

In  15  m 

0. 843 

2.50 

0.253 

In  15  ro. 

0.302 

0 

, 

300 

6.  345  ' 

3.  545, 673 

i 

1        0. 076 

1 

3, 301. 693 

1 

'      u.  no 

0.189 


2,  664,  794 

2,'338.'8f)3' 

Broke  20  seconds  after  putting  on  weight. 
Breaking  load,  300  pounds. 

Modulus  of  rupture.  R=  -  }-  (Pi-3)  =  10,019: 
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RECOED  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

I  First  aeries.'} 

Mechanical  Laiiouatory,  Department  op  ExGiNSRRiNa,  Stevens  Ixstitutb  of  Techxologt. 

TABLE  XLIII. -ALLOY  OF  COPPER  AND  TIN. 

Origiual  mark :  No.  93.— Material:  Alloy.— Orifrlnal  mixture :  15.19  Co,  84.81  Sn.— Anylywa:  15.08  Cd, 
f*l62  Sa.— DimenBions:  Len;jth  between  supporto,  92f'.    Breadth,  1.004".    Depth,  0.99y'. 


Load. 


Deflection 

A 


F<nmds. 

Inches. 

5 

0.0008 

10 

0.0024 

'.0 

0. 0079 

25 

0.0111 

•M 

0.021 

50 

0.027 

0 

oo 

0.032 

eo 

0.048 

0 

100 

0.071 

0 

120 

...... ...... 

0.101 

140 

0. 133 

l.-)0 

0.146 

IfO 

0.1^5 

170 

0.206 

lu  2  ni. 

0.  221 

lt»0 

0.  2.'»2 

Id  Im. 

0. 2.5.'> 

190 

0.271 

Set. 


IncheM. 


0.095 


0.020 
0.032' 


Modnlns  of 
elanticity. 

4  A  6d* 


Loud. 


7, 032. 130 
'5,333,216' 


Deflection 


Set. 


I       Modnlns  of 
elasticity. 


3, 942,  637 


2,  839,  093 


In  1  tu. 
200 

In  1  m. 
0 
210 

Id  I  m. 
220 
2:i0 
240 
250 
0 
2.M) 

In  1  m. 
0 
260 
270 


Pounds.      Jnehet. 


Inches. 


0.291 
0.307 
0.335 


1,788,560 


0.347 

0.366 

0.  394 

0. 425 

0.484 

0.535 

0.226 


0.394 


1, 277, 885 


0.  579 
0.6;22 

■   •  «    «  a  •  ■ 

0.721 
0.^-58 


0.500 


859,558 

liroke  about  5  Becooda  after  putting  on  weight. 

Breakiug  load,  270  pounds. 

3    I 
Modulus  of  ruptui-e,  R=:  (P  +  3) =9,063. 


TABLE  XLIV.— ALLOY  OF  COPPEK  AND  TIN. 

Orieical  mark  :  No. 24.— Material :  Alloy.— OriginBl  mixture:  11.84  Cu.  88.16  Sa.— AnalvRl«:  11.49 Cu, 
es.  n  Su.— Dimensions :  Lenglli  between  supporu,  22".    Bi-cadth,  0.973".    Depth,  0.980". 


6 

0. 0006 

20 

0.  C055 

25 

0. 0071 

30 

0.  0095 

40 

0.013 

50 

a  017 

«:o 

0.  0*»2 

75 

0.  030 

0 

too 

0.054 

0 

iiG 

"6.069 

0 

140 

0.135 

A  50 

0.159 

0 

ICO 

0.191 

170 

0. 219 

UO 

0.247 

0 

190 

0.294 

200 

0.341 

......  ..••.^. ..••••.••     ..  • 

11,  872,  635 

10,  403, 101 

0, 233, 203 

0. 0063 

5,598,312 

0.  0205 

0.043 

2,r-15,34l 

0.097 

............ 

0.176 

1,  738,  934 


In  1  in. 
0 
220 
240 
250 
260 
0 
270 

In  2  m. 
280 

In  2  m. 
290 

In  1  m. 
300 

In  20  a 


0.436 


0.538 

0.676 

0.77R 

0.884 

0.  975 

l..'i02 

1.597 

1.929 

2.128 

2.562 

2.739 

5.849 

0.341 


948,990 


0.747 


:  298.740 

Bar  bent  rapidly  after  300 
pounds  was  placed  on  it,  aod  broke  Id  about  30 e^o- 
onds.    Reading  of  deflection  Just  before  breakiog, 
5.849  inchoA. 
Breaking  load,  300  pounds. 

Modulus  of  rupture,  R=*  ^^(P+3)«10,706. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

{First  series.'] 

MKCILVNICAL  LAIIOItATOUY,  DEPARTMENT  OF  £N'G]KEEUI>'G,  STEVKHS  INSTITUTE  OF  TECHNOLOGY. 

TABLE  XL  v.— ALLOT  OP  COPPER  AND  TUS. 

Orijjioal  mark:  No.  3.%.— Material :  Allov.--Original  mixtnre:    9.7  Cn.,  90.3  Sn.— Analysis:  8.57  Cu. 
91.39  Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  1.002".    Depth,  1. 006". 


Load 


Pounds. 

4 

lU 
20 
*25 
30 
40 

50 
0 

€0 

0 

70 

0 

W) 

0 

100 

IdIOiil 

0 

I'20 

In  10  m. 

140 
lolSin. 

0 
140  3 10" 
40k  10» 
0 
150 
160 
IqIOdl 
1*  10- 


Deflection. 

A 


0. 357 
1.277 


1. 284 
1. 294 
1.319 
1463 
1.530 


Set. 


Modalns  of 
elasticity. 


Load. 


Dvfleotion. 

A 


1.205 


330,  731 


Inches. 

0.0008 

0.003ii 

0.0063 

0. 0095 

0.012 

0.018 

0.026 

Incites. 

7, 965,  Oc* 

""6.6042" 
"""'6.0118* 

5,419,830 

0.035 

0.042 

0.016 

••••••  ••••••  •*••«• 

0.054 

4. 059, 298 

6.621 

0.085 
0.106 

3, 192,  660 

0.067 

0.140 
0.105 
0.221 
0. 319 

2,  404, 512 

1,700,339 

A    rt/<ii> 

Pounds.       Inches. 


Set. 


Inches. 


Mod  alas  of 
elasticity. 


5h  10" 
&>  4U" 
7^  40« 
0 
160 
Left  15" 
1  0 

160 
T^t^  1" 
55" 
3»'  25* 
5*  lO" 
7»'  40» 
0 
160 

,  Left  15k 
17b  45m 

iph  45m 

ajh  40" 

0 
160 


1.691 
L766 
1.811 


1.815 
2.534 


1.731 
2."  455' 


2.697 

2.782 
2.93d 
3.136 


3.036 


3.798 

4.274 
4.  349 
5.097 


5.053 


5.207 


Left  over  night  and  fonnd 
broken  noxt  morning.  Total  deflection  before, 
breaking  nearly  8  inches.  Time,  160  ponnds  re- 
mained on  the'bar  more  tlian  56  hours.  Breaking 
load,  160  pounds. 

2      { 
Modulas  of  rapture  K=  3    ^^^  (P+3)=-,'>,305. 


TABLE  XLVL—ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  26— Material :  Alloy.— Original  mixture:  4.29  Cu,  95.71  Sn.— Analysis :  3.72  Cu. 
96.31  Sn.— Dimensions :  Length  between  supports,  22".    Breadth,  1.005^'.    Depth,  1.005'' 


• 
1 

a  0008 

0.0016 

0.0055 

0.0071 

0.0103 

0.018 

O.023 

I 

10 

1  •....•  ••••  .  - 

1 

-20 

1 

^  ; 

10, 657,  674 
,          8,613,200        ^ 
1 ; 

00 

40 

50 

6, 636, 01 

0    ,. 

0.0063 

60 

a035 

0     . 

0.0166 

70 

0.051 

0     . 

0.027 

>•«•••••»*•■   •••«•• 

lao 

a  077 

a  123 

2.  846, 501 
2,  206, 231 

104 

6    '. 

0.091 

125 

0.249 

1.  359, 802        , 

•    1- 

0.209 

!» 

0.371 
0.540 

4, 083, 102 

tco 

170 

0.706 

0 

0.639 

180 

0.883 
1.048 
1.  lf« 
1.879 
2.127 

543, 726 

190 

200 

448,  816 

In  2  m. 

In  3  m. 

0 

2.064 

200 

2  284 
2.560 
3.658 

210 

In2ro. 

0 

3.509 

310 

Bar  bent  rapidly  till  tray  reached  bottopi  of 
supports.    Total  deflection  about  8  inches. 

Breaking  load  (considered  to  be  tliat  load  which 
produces  a  deflection  of  3^  inches),  210  pounds. 

3    I 
ModaloB  of  rupture,  ^  =  . .  ^  (P+3)  =  6,925. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS -Continned. 

I  First  aeries.^ 
TABLE  XLVIL— ALLOY  OF  COPPER  AND  TIN. 

Mecijakical  Laboratory,  Department  of  Engixbsrixo,  Stevens  Institute  of  Tkciixolocy. 

OrlgiDal  mark:   No.  27.— MAterial :  Alloy.— Original  mixtnro  :  1.11  Cu,  98.89  Sn.— Analysis:  0.74  Cn, 
99.02  So.— Dimeuaioua:  Length  between  supports,  22''.    Breadth,  1".    Depths  1.012". 


Load. 

1 

Deflection 

Founds. 
5 
10 

20    ! 
0 

Inches. 
0.0008 
0. 0024 
0.0087 

25    1 
0 

0.011 

''.  ' 

0.014 

40 
0    ' 

0.021 

0 

0.038 

60 
0     1 

0.065 

70     ' 
80 

0     1 

0.106 
0.180 

90 

0.243 

Set. 


E= 


Modnlas  of 
elanticlty. 


4Abd^ 


(P+4) 


Inches. 


0.0024 

6.0032' 

6.0047' 

6.' 6671' 

'6.626  ' 


6,771,517 


3,  649, 983 


I 


Load. 


Founds. 

100 
In  5  m. 
0 
110 
In  5  m. 
0 
120 
In  15  m. 
In  45  m. 

0 

I20ii>45» 
0 
120 


Deflection 


Set. 


Modtihis  of 
elaaticity. 


E= 


iJlbd* 


(P-H> 


Ir.ehes. 
0.417 
0.521 

0.618 
0.680 

0.  736 
L791 
2.539 
1 

Inches. 
*6.'439' 


640, 5?r 


0.629 


432,737 


8.459 


3.134 


3.078      

Left    under  atrain  oremights  and  next 


0.  044      I morning  the  ttAy  was  foand  to  have  i-eai-heri  tb« 

0.106       '...,. bottom  of  the  supports.    Final  deflectiuu,  &.3b'- 


0.146 


1, 198, 637 


Breaking  load,  120  pounds. 


3  I 


In5m.!        0.306      I Modulus  of  rupture,  R=,^  j;^  (P  4-3)  =3,yu4 


0.269 


TABLE  XL VIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  niprk  :  No.  28.— Material :  A  llov— Original  mixture:  0.557  Cu,  99.443  Sn.— Analysis:  0.32  Cn, 
99.4(i  So.— Dimensions:  Lengtn  between  supports.  22".    Breadth,  0.989".    Depth,  i". 


3 

0.0008 

10 

0.0024 

20 

0.0055 

25 

0.0063 

30 

0.0079 

40 

0.  0126 

50 

0.019 

u 

60 

'"'6.' 627 

0 

70 

0.037 

0 

i?0 

0.047 

0 

90 

0.067 

0 

100 

0.083 

In  5  m. 

0.161 

In  10  m. 

0.199 

Iu40ra. 

0.295 

0 

100 

0. 311 

no 

0.323 

In  5  m. 

0.406 

• 

1 

12,  389, 141 

11,583,387 

9. 39H,  6r)9 

7,  649,  833 

1 

0.0039 

i 

0.0079 

6.014 

4,  810,  533 

0.02L 

0.034 

*  3,  372,' 617 

0.260 

924, 227 

14'»  5«. 

1. 945        ; 

0 

1.896         

110 

'  "*i.'965"*  . 
2.004 
S.138 
3.248      ,. 
2. 378      ' . 
2. 626 

In  20  ni. 

I*  50«. 

In  3h. 

^h  25«, 

7''  5"". 
0 

"**i.'>79    "  ..'...'..... 

110 
120 

S.634 

S.650 

2.701 

3.327 

3.366 

3.  437 

3.787 
1  Left  under 
g  the  tray  wa 
Total  deflecti« 
king  load,  130 

In  5  m. 

!»•  4.'>«. 

130 
In  5  m. 

In  35  ro. 

130 
roornin 
port. 

Breal 

strain  overnight,   and  next 
is  found  to  have  reachtd  sap- 
Mi,  8.1  U". 
pounds. 

3   t 


Modulus  of  rupture,  R  —  ^  6rf«  ^^  "^  ^^  ~  *'*^^ 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

I  First  series.'} 

Mech.vxical  Labokatouy,  Depabtmkxt  of  En'ginbbring,  £teven8  Ixstitl'te  of  Techxolooy. 

TABLE  XLIX.— BAR  OF  CAST  TIN. 

Origioal  mark:  No.  29. — Material:  BaDca  tin,  cast  in  Iron  mold. — ^Dim«'n&ious :  Length  botween  aup- 

poit«,22".    Breadth,  0.993".     Depth,  l.OO-J". 


Load.    Deflection 
A 


3 

5 
10 
20 

0 
34 
30 
33 

0 

40 

0 

43 

0 
30 

0 
60 

0 
70 

0 

eo 


Jnehet. 
0.0008 
0.0032 
C.  <'055 
0.0095 


0.012 
0.015 
0.017 


a  021 
6.029' 

6!  Oil 

aoei' 

6.164' 

6."2i8' 


Set. 


Inches. 


Modiilua  of 
elaaticUy. 


0.0047 


0.0055 
'6.6695' 
'6."6i5' ' 

'6."68i" 

0.043 
'6.'682" 


6,734,638 


6. 218, 963 
6, 039, 908 


5, 583, 107 


3, 517, 648 
'2,'756,"e22' 


1,026,751 

Crack  ob«er\-ed  on  under  aide  of  bar  extending 
■across  half  its  breadth. 


Load. 


Pmtnd». 
8>,in5" 
0 
85 
In  10  m 

90 
90«».  10*. ' 
0 
100 
Id  5ra. 
luaom. 
0 
110 
In  10  m. 


Deflection 

A 


Inches. 
0.2H2 


0.340 
0.840 
0.966 
1.199 


L360 
L624 
2.124 


2.332 
8.395 


Set. 


Modulus  of 
elaatiuity. 


Inches. 

"6."  265' 


1.155 


2.065 


Bar  bent  and  trny  reached 
bottom  of  supports. 
Breaking  load,  110  pounds. 

^lodulus  of  rupture,  R  =  ^ .  i,  (P  +  3)  =3,740. 

2  bd* 


TABLE  L.— BAR  OF  CAS     COPPER. 

Original  mark :  No.  30. — Material :  Lake  Superior  copper,  cast  in  cold  ir^n  mold.    Poured  very  hot.- 
Dimensions:  Length  between  supports,  22".    Breadth,  0.99".    Depth,  0.9ti". 


Load. 

Deflection 
A 

Set 

Modulus  of 
elasticity. 

E—   ^^ 
4A&(P 

10 

Inches. 
0.003:1 
U.0O6O 
0.0116 
0.0173 
0.0224 
0.0289 

Inches. 

20 

40 

9  851  369 

60 

9. 90S,  316 

10, 203, 205 

9,  885,  459 

H) 

100 

5 

0.0029 

130 

0.0355 
0.0513 
0.0729 

9,  657, 120 
8,910,400 
7, 837,  853 

ItiO 

200 

5 

0. 0260 

240 

0.0964 
0.1290 
0.1705 
0.&253 
0.3079 

7,112,607 

2i« 

"      "  *  ■ 

380 

5,361.919 

360 

400 

3,711,460 

5 

"'6.' 26  40* 

440 

0. 4169 
0.5565 
0.7540 
0.9155 
L  16:15 

'*i.'2i65" 

460 

5-30 

1, 970, 274 

S61) 

............ 

«to 

1,416,058 

5 

i.66d5 

600 

I 

Deflection 

A 


Inches. 
1.37 
L63 
L93 
2.2:1 
2.60 
2.83 

ao9 

3.49 


Set. 


Modulus  of 
elasticity. 
PP 


E  = 


i^bcP 


Inches. 


1, 065, 786 


720,375 


Supports  8lid  out  ftt>m  under  the  bar.  Placed  on 
solid  supports  20  inches  apart,  and  applied  1.150 
pounds,  which  gave  a  deflection  of  nearly  6  inches. 
Moved  the  supports  to  10  inches  aoart  and  applied 
3.000  pounds,  when  the  bar  broke  after  a  deflection 
of  8  inches. 

Breaking  load,  860  pounds. 


Modulus  of  rupture,  R= 


3JPI 
2  bd* 


29.848. 


Note.— The  figures  in  the  column  hesded  "Load  " 
are  the  applied  weights  plus  one-half  the  weight  of 
the  bar  lietween  the  tupports.  Tlie  scale-beam  was 
balanced  so  as  to  read  3  pounds  (or  one-half  the 
weight  of  bar  between  supports)  when  the  bar  was 
in  position,  before  any  pressure  was  applied  to  it. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS. 


I  First  series.'] 

Mbciiaxical  Laboratory,  Department  of  Enoiskekino,  Stevens  Ixstitute  of  Teciixoloct. 

TABLE  LL-CAST  COPPER. 
Origiaal  mark:  No.  1  A.— Material :  Cast  copper.— DlmenaionH:  Length,  6".    Diameter,  0.798". 


Load. 


Load  per 
square 
inch. 


Pounds.     Pounds.         Inchti. 

5.900  11,800  0.01 

6,825  13,650  0.03 

7, 090  14. 180  0. 03 

Broke  ^  inch  from  end  marked 


Elonfcation 
in  5  inches. 


Elongation  in 
parte  of  orig- 
inal length. 


.00-20 
.0060 


C. 


Diameter  of  fractured  section,  0.790  inch. 

Several  blowholes  in  section ;  estimated  ares  of 
blowholes,  0.053  square  inch. 

Tenacity  per  square  inch  original  section,  14,180 
pounds. 

Tenacity  per  square  inch,  deducting  blowholes, 
15,865  pounds. 

Tenacity  per  square  inch  in  fractured  sectioD, 
14,464  pounds. 


TABLE  LIL-CAST  COPPER. 
Original  mark :  No.  1  B. — Material :  Cast  copper.— Dimensions :  Length,  6".    Diameter,  9.798". 


Load. 


Load  per 
square 
inch. 


Elongation 
in  5.99 
inches. 


Pounds     Pounds.         Inches. 
4,550  9,100  O.OL  .0017 

5,670  11,340  0.03  .0033 

.    Broke  about  90  seconds  after  strain  was  applied 

1  inch  from  B  end. 


Elongation     in 

{>arts  of  orig- 
ual  length. 


Diameter  of  fractnred  section.  0.79S  inch. 

Estimated  area  of  blowholes  in  section,  0.0575 
square  inch. 

Tenacity  per  square  inch  in  original  section, 
11.340  ponnus. 

Tenacity  per  square  inch,  deducting  blowholes, 
12,814  pounds. 

Tenacity  per  square  inch  in  fractured  section. 
11,509  pounds. 


TABLE  LIL— ALLOY  OF  COPPER  AND  TIN. 


Original  mark :  No.  2  A.— Material:  Allo^. — Original  mixture:  98.1  Cu,  1.9  Sn. — Aual3-8i 

1.88  8n. — Dimensions :  Length,  5^'.    Diameter,  0.798". 


sis:  97.95  Cu, 


Load   per 

Load. 

square 

inch. 

^*aund8. 

Pounds. 

4.  310 

8,620 

r),iio 

10,320 

5,390 

10,780 

5,700 

11,  400 

6,350 

12,700 

0 

6,800 

13,600 

7,250 

14.500 

7,570 

15, 140 

(?,  .300 

16.600 

8,960 

17,  920 

9,450 

18,900 

10,000 

20,000 

10,  800 

21,  600 

Elongation 

Elongation     in 

in       4.98 

parts  of  origi- 

inches. 

nal  length. 

Incites. 

0.01 

.0020 

0.02 

.0040 

0.03 

.0060 

0.04 

.0080 

0.06 

.0120 

Set  0. 05 
0.08 

.0160 

0. 11 

.0220 

0.14 

.0281 

0.22 

.  0442 

0.27 

.0542 

0.31 

.  062.i 

0.38 

.  0763 

0.49 

.  01»84 

Load. 


Load  per 
square 
inch. 


Elongation 
in  4.98 
inches. 


Elongation  in 
part«  of  origi- 
nal length. 


Pounds.     Pounds.         Inches. 
11,600  23.200  0.56        I  .1135 

12,000  24.000  0.62        <  .1215 

12,600  25,200  0.78        I  .1566 

Broke  at  A  end. 

At  10,800  the  elongation  was  observed  to  iDcrease 
with  time. 

Diameter  of  fractured  section,  0.730  inch. 

A  large  number  of  blowholes  in  the  fractnred 
section,  but  their  size  was  too  Hmall  to  be  measured. 

Tenacity    per    square  inch     original    sectioo, 
25,200  pounds. 

Tenacity  per   square   inch    fractured   section, 
30,104  pounds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS-Continued. 

[_ First  atress.li 

Mechanical  Labokatort,  Dipabtment  of  Ekoincerixg,  Stsvbns  Institute  of  Techno:  ogy. 

TABLE  HV.-ALLOT  OF  COPPER  AKD  TIN. 

Origina]  mark:  No.  2  B— Material:  AIIov.— Original  mixture:  9R.1  Cu,  1.9  Sa.— Anabais:  O'.SZ  Cn 

l.M  8n.— DimeDaibns :  Length,  4 1".    Diameter,  0.79ti". 


Load   per 

Load. 

square 

inch.        j 

Poundt. 

Pounds. 

4,725 

9.450 

C,100 

12.200 

6,560 

13, 120 

6,990 

13,980 

7,530 
0 

15,040 

7,860 

'  ii'TOO 

8.290 

16,440 

8.930 

17,860 

9.270 

18,540 

9,875 

19,750 

10,610 

21. 220 

11,250 

22.500 

Elongation    ^'"°'E!*i»f°  .Jf 


Load. 


ElongatioD  in 
parts  of  origi- 
nal length. 


Inchtf. 
0.01 


Set 


0.03 
0.04 
0.06 
0.10 
0.10 
0.11 
0.13 
0.16 
0.20 
0.24 
0.30 
0.35 


.0025 
.0075 
.0100 
.0150 
.0:250 


.0275 
.0325 
.0400 
.0506 
.0600 
.  07.50 
.0d75 


PoundM.     Poitnds.         Inehet. 
11,690         23,340  0.40  .1009 

11,980         23,960  0.44  .1100 

Broke  1}  inches  from  B  end. 

Fractured  section,  elliptical  diameters  0.717  an^ 
0.730  inch. 

One  blowhole,  area  0.059  square  inch ;  the  rest 
of  the  surface  free. 

Tenacity  per  square  inch  of  original  section^ 
23,960  pounds. 

Tenacity  per  square  inch,  deducting  blowhole^ 
27,166  pounds. 

Tenacity  per  square  inch  in  fractured  section, 
29,142  pounds. 


TABLE  LV.— ALLOY  OF  COPPER  AXD  TIN. 

Original  mark:  No.  3  A.^Material:  Alloy.— Original  mixture:  96.27  Cn.  3.73  Su.~ Analysis:  96.16  Co, 

3.71  Sn.— Dimenaions :  Length,  6".    Diameter,  0.79d". 


Load. 


Pound*. 

6,000 

7,850 

9.200 

9,830 

0 

11,000 

11.5t» 

12.000 

12.530 

13,150 

Id  1  m. 

13.780 

14,150 

14,650 


Load  per 
square 
inch. 


Pounds. 
12,000 
15,700 
l.-<.400 
19.700 

'"""22.006" 
23,160 
24.000 
25,060 
26,300 

'"*27,'566' 
2.-^.  .300 
af9.300 


Elongation 
in  6  iuches. 


Elongation  in 
parts  of  origi- 
nal length. 


Inches. 
0.01 


Set 


0017 
00:» 
0100 
0167 


Load. 


Pounds. 
15,200 
15,480 


^-li  n  JPr  «  ,  Elongation 
square  ;,.  c;v.«i.^^ 
inch.  "16  inches. 


Elongation  in 
parts  of  origi- 
nal length. 


Pounds. 
30,400 
30,960 


Inches. 
0.70 
0.79 


1167 
1317 


Broke  1^  inches  from  C  end. 

Diamt'ter  of  fractured  section,  0.696  inch. 

One  blowhole  in  center  of  specimen,  extending 
through  about  3  inches  of  its  length.  Area  of 
blowhole  at  fractured  section,  0.076  square  inch. 

Tenacity  per  square  inch  original  section,  30,^60 
pounds. 

Tenacity  per  square  inch,  deducting  blowhole, 
36.509  pounds. 

Tenacity  per  square  inch  fractured  section,  40,687 
pounds. 


Original  mark; 


TABLE  LVL— ALLOY  OF  COPPER  AND  TIN. 

No.  3  B.— Material :  Alloy.— Original  mixture:  96.27  Cu,  3.73  Sn.— Analysis:  95.96  Cu, 
3.80  So.— Dimensions:  Length,  5^'.    Diameter,  0.790". 


Load. 


Pouttds. 

6,050 

8,120 

10,000 

0 

10,850 

11.550 

12.340 

12,950 

13.450 

I3.81W 

14,440 

15.000 

]5,.')O0 

16,U00 


Load  per 
square 
inch. 


Pounds. 
12.100 
16.  '.^40 
20,000 

'"'21,' 766" 
23, 100 
24,680 
25,900 
26, 9(10 
21,760 
28,880 
.30,000 
31.000 
:t2,0(KJ 


Elongation 
in  5  inches. 


Inches. 
0.01 


Sot 


0.03 
0.05 
0.04 
O.Oir« 
0.12 
0.19 
0.24 
0.30 
0.34 
0.39 
0.46 
0.  52 
0.t)2 


Elongation  in 
parts  of  oiigi- 
nal  length. 


.  0020 
.0060 
.0100 

.0160* 
.0240 
.  03(^0 
.04H0 
.  0600 
.0680 
.07fi0 
.01120 
.  1040 
.  1240 


I 


Load. 


»^  per  'Elongation    ^i^^ii^VnH  !? 
qua  re     »„ 'iin,.i„.H  !     parts  of  ongi- 
in  5  inches.  I     nal  length. 


Load 

8 

iuch. 


Poxinds.  ' 
16,  4U0 
16,520  1 


Povnds. 

32,  800 

33,  040 


Inches. 
0.68 
0.77 


1360 

1540 


Broke  in  middle. 

Diameter  of  fractured  section,  0.686  inch. 

Two  blowholes  in  surface  of  fracture.     Area, 
0.0295  square  inch. 

Tenacity  per  square  incb  original  section,  33,040 
pounds. 

Tenacity  per  square  inch,  deducting  blowholes,. 
35,112  pouniU. 

Tenacity  per  square  inch  fractured  section,  44,696 
pounds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS -Continued. 

IFirat  aeries,'} 
Mi:ciiANiCAL  Lauokatort,  Department  of  Enginebbdcg,  Stevens  Institute  of  Tfchxologt. 

TABLE  LVn.— ALLOT  OF  COPPER  AND  TIN. 

Ori;;iDal  mark:  No.  4  A. — Material:  Alloy. — Orifi^iial  mixture:  99.8  Ca,  7.9  So. — AnalyaiB,  9114  Co, 

7.84  Sn.— DimoDsions :  Length.  .V.    Diameter.  0.798". 

^...P?!  'Elon,r.tion'  ^'^tt-^J? 

ual  length. 


Load.'     aquare    f'-i^Jh.^"       parts  of  orlgi-       Load.  I     aqnare    f*^*^!^?®"        parUoforigi 
I     inch.  iflSiuchoa.^      Salleneth.*  inch.         imSioohea.        i^.,  i_„,^  » 


^«A*I  'Elongation:  ^'fJS*!?'^^? 
""'""•'*  parta  of  onf 

nal  length. 


rounds. 

Pounds. 

Inches. 

5,100 

10,900 

0.01 

.0090 

8,000 

16.000 

0.09 

.0040 

10,000 

90,000 

0.03  1 

.0060 

10,760 

91,590 

0.05 

.0100 

11,410 

99,890 

0.09 

.0130 

0 

ii,86o 

Set   0.08    .. 

11.900 

0. 11  ' 

.0290 

19,800 

95,600 

0.14 

.09r»0 

13,  140 

9«,980 

0.91  , 

.0490 

14,  COO 

98.000 

0.97  , 

.0540 

I 


Pounds.,    Pounds.    |     Inches,     \ 
14.610  ,  99,2-M)  0.37  .0740 

14,650  '  99,300  I  0. 39  ,  .07cO 

liroke  H  inches  from  C  end. 

Diameter  of  fracturtsd  section,  0.730  inch.  No 
blow  holes. 

Tenacity  per  square  inch  of  original  section, 
29.'.)00  pounds. 

Tenacity  per  square  inch  in  featured  sectioD, 
35,019  pounds. 


TABLE  LVnL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  4  B.— Material:  Allov.— Original  mixture:  99.8  Cu,  7.9  Sn.— Dimensions :  Length, 

5J".    Diameter,  0.798". 


Load   per 

Elongation 

Elongation     in 

Broke  1}  inches  from  D  end. 

Load. 

square 

in      5.23 

parts  of  origi- 

Diameter ot  fractured  section,  0.737  inch.   Ko 

inch. 

inches. 

nal  length. 

1  bloifv  holes. 

Tenacity  per  square  inch  of  original  scctioe. 

97,780  pounds. 

Pounds. 

Pounds. 

Inches. 

Tenacity  per  square  inch  in  fractured  section. 
39,559  pounds. 

e,ooo 

16.000 

0.01 

.0019 

10,000 

90,000 

0.09 

.0039 

11.000 

99,000 

0.03 

.0057 

11,700 

93,400 

0.05 

.0096 

19,000 

24,000 

0.07 

.0034 

0 

Set    0.06 
0.09 

19,500 

95,000 

.0179 

13,680 

27,360 

0.16 

.0306 

13,890 

97,780 

0.17 

.0395 

TABLE  LIX.— ALLOY  OF  COPPER  AND  TIN. 

'Original  mark:   Na  5  A.— Material:   Alloy.— Original  mixture:  90  Cu,  10  Sn.— Analrsis :  90.11  Co. 

9.66Sn— Dimensions:  Length,  3.4".    Diameter:  0.798". 


Load. 


Load  per 
square 
inch. 


Pounds. 
4,700 
7,640 
19,340 
19,760 
13,960 
13,360 


Elongation '  Elongation  in 
in  3.4  '  parts  of  origi- 
inches.    I      nal  length. 


Pounds. 

Inches. 

9,400 

0.01 

.0099 

15,980 

0.09 

.  0059 

94,680 

0.06 

.0176 

95,590 

0.10 

.0994 

26.590 

0.13 

.0384 

96,720 

0.14 

.0419 

Broke  1  \  inches  tmrn  C  end. 

Diameter  of  fractured  section.  0.745  inch. 

A  few  very  small  blowholes. 

Tenacity  per  square  inch  in  original  sectloo. 
96  TiO  pounds. 

Tenacity  per  square  Inch  in  fVactared  srction, 
30,649  pounds. 


TABLE  LX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  5  B. -Material:  Alloy.— Original  mixture:  90  Cu.  10  Sn.— Analysis :  90.43  Ca, 

9.50Sn.— Dimensions:  Length. 3.45".    Diameter:  0.79tf". 


Load. 


..Pounds 
8,920 
in,  :{00 
11,075 
12. 000 
12,  080 
0 
1.1, 9.'>0 
13,500 


Load  per 
square 
inch. 


Pounds. 
16.  440 
90,000 
99,150 
94,000 
95.360 


96,500 
97,000 


Elongation  Elongation  in 
i  n  .3.  4  5  parts  of  orig- 
inches.  inal  length. 


I! 


Inches. 
0.01 
0.03 
0.06 
0.07 
0.09 

Set  0. 08 
0.11 


.0029 
.00tf7 
.0174 
.  0203 
.0961 


.0319 


Broke  at  B  end. 

D'aniet'Cr  of  fractured  section,  0.760  inch.  No 
blowholes. 

Tenacity  per  square  inch  in  ori<;inal  section, 
97,000  pounds. 

TenacUv  per  square  inch  in  fractured  section, 
29,761  pounds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS-Continued. 


IFirst  series,'] 

Mechanical  Laboratory,  Department  of  Enoinberino,  Stevrns  Institute  ot  Technology. 

TABLE  LXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  6  A.— Material :  Alloy.— OriKinal  mixtnre:  86.57  Co,  13.43  Sq.— Analysis:  87.15  Ca, 

12.69  Sn.— Dimensions :  Length, 4}".    Diameter:  0.798". 

• 


Load. 


Poundt. 

10,000 

1-2,000 

13,300 

13,350 


Load  per  !  Elongation 
sqnare  ,      in    4.87 


inch. 


inchea. 


Pound». 
30.000 
94.000 
36,400 
S6,700 


Inehet. 
0.01 
0.03 
0.06 
0.09 


Elongation  in 
parts  of  origi- 
nal length. 


.0090 
.0069 
.0193 
.0185 


Broke  J  inch  from  C  end. 

Diameter  of  fractured  section,  0.792  inch. 

One  blowhole,  elliptioal,  0.18  x  0.06  inch  diam- 
eters. 

Tenacity  per  square  inch  original  section,  96,700 
ponnda 

Tenacity  per  square  inch  dedacting  blowhole, 
97jl69  poauds. 

Tenacity  per  square  inch  fractured  section, 
97,098  pounds. 


TABLE  LXII.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  6  B.— Material :  Alloy.— Original  mixtnre:  86.57  Cn,  13.43  Sn.— Analysis :  87.15  Cu, 

19.77 Sn.— Dimensions:  Length,  5f".    Diameter:  U.798". 


Load. 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 


Pounds. 
7,000 
10.800 
11,000 
11.800 
13,050 
13,500 

0 
14.000 
14,700 
15,000 

0 


PouTidt. 
14,000 
91,600 
99.000 
93,600 
96.100 
97,000 


98,000 
99,400 
30,000 


Inehet. 
0.01 
0.09 
0.03 
0.04 
0.06 
0.09 

Set  0. 08 
0.11 
0.14 

o.ie 

Set  a  17 


Elongation  in 
parts  of  origi- 
nal length. 


.0060 
.0040 
.0060 
.0080 
.0190 
.0180 


.0990 
.0280 
.0360 


Load. 


Load  per 
square 
iuch. 


Elongation 
in  5  inches. 


Pounds. 
15.580 
16.000 
16,0s0 


Pounds. 
31, 160 
39,000 
33,160 


Elongation  in 
parts  of  origi* 
nal  length. 


.0490 
.0480 


Broke  1  inch  fh>m  D  end. 

Diameter  of  fractured  seption,  0.7r3  inch.  No 
blowholes. 

Tenacity  per  square  inch  original  section,  39,160 
poands. 

Tenacity  per  square  inch  fractured  section,  34,963 
pounds. 


TABLE  LXIIL-ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No. 7  A.— Material :  Alloy.— Original  mixture :  80  Cu,  90  Sn Analysis:  80.99  Cu,  16.99 

Sn.— Dimeusious:  Loiigtb,  6".    Diameter,  0.798". 


9,850 
14,000 
16,800 


19,700 
98,000 
33.600 


0.01 
0.09 


.009 
.004 


Broke  in  middle. 


Diameter  of  fkuctured  section,  0.798  inch. 
One  blowhole,  irregular-shap^.  about  0.10  inch 
diameter. 


Tenacity  per  square  inch  original  section,  33,600 
pounda 

Tenacity^  per  square  inch,  deducting  blowhole, 
34,139  pounds. 


TABLE  LXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  7  B.— Material:  Alloy.— Original  mixtnre:  80  Cu,  90  Sn.— Analysis:  80.00  Cu,  18.75 

Sn— Dimensions:  Length,  4}".    Diameter,  0.708". 


10.000 
15,140 
16^180 


0.01 
0.09 


Broke  at  D  end.  at  the  fillet 


.009 
.004 


Diameter  of  fractured  section,  0.800  inch. 
Tenacity  per  square  inch  original  sectioo,  39,360 
pounds. 


TABLE  LXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8  A.— Material :  Alloy.— Original  mixture:  76.39  Cu,  93.68  Sn.— Analysis  :  76.67  Cu, 

93.^4  Sn  —Dimensions :  Length,  6".    Diameter,  0.798". 


Broke  at  10,300  pounds  at  A  end. 
Elongation  J U6t  perceptible  to  touch  of  calipers. 
Several  small  blowholes.  Areaal>out0.016  square 
inch. 


Tenacity  ]ier  square  inch  original  section,  90,600 
pounds. 

Tenacity  per  square  inch,  deducting  blowholes 
91,981  pounds. 


H.  Ex.  98 21 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

I  First  aeries,^ 

Mechjlnical  Laboratgkt,  Dbpastment  of  Ekoixbekikg,  Stevens  Ikstitutk  of  Techkoloot. 

TABLE  LXVI.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  K0.8B Material:  Alloy.— Oriffinalmixtdre:  76.33  On.  23.6dSD.— Analysis:  TfLMCa. 

S3.23  Sn.— Dimeuaions :  Lenf^th,  4i".    Diameter,  0.798". 


Broke  at  11,710  poonds,  h  inch  from  D  end. 
No  elongation  that  oonla  be  detected. 


Tenacity  per  square  inch  original  secti«n,S3,430 
pounds. 


TABLE  LXVn— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.9  A.— Material:   Alloy.— Orisinal  miztnre:  70  Gn.  30  Sn.— Analysis:  (8.90  Cu, 
99.85  Sn. — Dimensions :  Length  of  tnmed  portion,  1".    Diameter,  0.98Sr". 


Had  difficnlty  in  setting  tbe  piece  in  the  Jaws 
of  tbe  tensile  niacbtne,  as  the  alloy  was  harder 
than  the  steel  facea  of  the  jnws. 

At  S,600  ponnds  stress  the  piece  Hlipped  out  fVorn 
the  jawtt,  and  again  at  4,300  and  1.4Ji0  pounds.        « 

Reset  each  time. 

At  6,950  pounds  the  piece  broke  in  the  square 


portion ,  1  inch  ftrom  the  A  end  of  tbe  turned  part. 

Measurement  of  fractured  section,  1  inch  xOJ9S 
inch. 

Tenacity  of  section  fractured,  i>er  square  ioeh, 
7, 006  pounds. 

Tenscity  of  dronlar  section  (unbroken),  9,121 
pounds  phu. 


TABLE  LXVni.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 9 B.— Material :   Alloy.— Orieinal  mixture:  70  Cu,  30  Sn.  — Analysis:  69.77  Co, 

S9.9'2  Sn.— Dimensions :  Length,  1"..    Diameter,  0.97^'. 


Broke  in  tnmed  portion,  at  3,090  ponnds. 


Tenacity  per  square  inch,  4,164  pounds. 


TABLE  LXIX.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  10 B.>- Material:  Alloy.- Orig{n<il  mixture,  68.35  Cn,  31.75  Sn.— Analysis,  68.57  00, 
31.30  Sn.— Dimensions :  Rectangaiar  section,  0.994  x  1.005".    (Too  brittle  to  be  turned  in  lathe.) 


Slipped  from  tbe  {aws  of  the  tensile  machine  at 
500.  650.  and  775  pounds. 

Broke  at  1,630  pounds,  in  the  Jaws,  i  inch  from 
end  of  piece  marked  D. 

Tbe  piece  remaining  aft-er  this  test  was  too  short 


to  be  tested  ftirtber  in  the  same  machine,  sod  it 
was  sent  to  Messrs.  Ri^hl6  Bros.,  Pbiladelpbia. 
who  tested  it,  and  reporied  its  strength  at  1,00 
poonds  per  square  incn. 
Tenacity  per  square  inch,  1,6*20  pounds. 


TABLE  LXX.— ALLOY  OF  COPPER  AND  TIN 

Original  mark:   No.  11  A.— Material :   Alloy.- Original  mixture:  65  Cn,  35  Sa.— Analysis:  65JlCa. 

34.47  Sn.— Dimensions :  Length,  1".    Diameter,  0.974". 


Broke  in  middle,  at  1,770  pounds. 


Tenacity  per  square  inch,  2,376  pounds. 


TABLE  LXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  11 B.— Material :   Alloy— Original  mixture :  65  Cu.  35  So.— Analysis :  65J8  Cu, 

34.47  Sn.— Dimensions:  Length,  1".    Diametei,  0.975". 


Slipped  from  jaws  of  tensile  rosohine,  at  1,530, 
1,680  and  1,775  pounds. 


Tenacity  of  fractured  section  per  sqnaie  inch, 
3,035  pounds. 


Broke  at  2,035  ponnds,  in  the  Jaws,  ^  inch  from   >      Tei'acity  of  tnmed  portion    (unbroken),  3,713 
D  end,  and  in  tbe  square  portion  of  the  specimen.   I   pounds  plus. 


TABLE  LXXn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  13  A.— Material :  Alloy.— Original  mixture:  61.71  Cn,  38.39  Sn.— DimensioDs:  Rect- 
angular section,  0.998"  x  1.0U4".    (Too  brittle  to  bo  turned.) 


The  piece  13  A  broke  in  handling  into  two  piecen, 
marked  A  and  C. 

These  were  sent  to  Messrs.  Ri6hl^  Bros  ,  Phila- 
delphia, who  reported  their  tenacity  to  be- 


No.  13  A,  350 pounds  per  square  inch. 
No.  i3C,  1.135  pounds  per  square  inch. 
Na  13  B  broke  into  sayerai  pieocs  while  being 
turned  in  the  lathe. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS—Contiuued. 

Mbcbasical  Labobatqbt,  Dbpartmbnt  of  ENGiNBERnco,  Stevkkb  Ikbtitutb  of  Tkchnolooy. 

TABLB  LXXni.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  13  A.— Material :  Alloy.-Oriffinal  mixture:  56.32  Ca.  43.68  Sn.— Analysis:  56.58  Ca, 

3.11  Sn.— Dimensiona :  Length,  1".    Diameter,  0.980 '. 


Broke  at  950  pounds  at  C  end  of  tamed  portion. 


Tenacity  per  sqnare  inch,  1,259  poands. 


TABLE  LXXIV.— ALLOY  OP  COPPER  AND  TIN. 

Orif^inal  mark :  No.  1 3 B.— Material:  Alloy.— Orijrtnal  mixture :  S6.33Ca,  43.68  Sn.— Analysis^  56.89 Cn, 

43.22  Sn.—Dimeusions:  Length,  l".    Diameter,  0.975'^ 


Broke  at  240  ponnds,  in  the  square  portion  of  the 
specimen,  1  inch  from  the  D  end  of  the  turned 
part. 

dent   the  larger  x>iece   remaining   to  Meears. 


Ridhl6  Bros.,  ^ho  reported  its  strength  to  be  1,650 
poands  per  sqnare  inch,  breaking  in  the  turned 
portion,  near  ttie  shoalder. 


TABLE  LXXT.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  14 A.— Material:  Alloy.— Original  mixture:  51.8  Cn,48.2  Sa.— Analysis:  62.27  Cn, 

37.58  So.— Dimensions :  Length,  1".    Diameter,  0.068'^ 


Broke  in  jaws  of  machine,  in  the  square  portion, 
t  inch  from  C  end,  at  1,170  pounds. 

Tenacity  of  section  fractured,  1,170  poands  per 
square  inch. 


Teoacitv  of  tamed  portion  (unbroken),  1.590 
pounds  plus. 


TABLE  LXXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  14 B.— Material:  Alloy.— Original  mixture:  51.8  Cu.48  2  Sn.— Analysis :  38.41  Ca. 

61.04  Sn.— Dimensions :  Length,  1".    Diameter,  0.19i". 


Broke  at  1,970  poands  in  middle  of  turned  por- 
tion. 


Tenacity  per  square  inch,  3,940  pounds. 


TABLB  LXXVIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  15  A.— Material:  Alloy.— Original  mixture:  47.95Cu,52.a5Sn.— Analysis:  47.72  Cn, 

51.99  Sn.— Dimensions :  Seotioo,  1.005'^  nquare. 


The  piece  No.  15  A  broke  into  two  pieces  in 
bandling. 
The  broken  pieces,  marked  A  and  C,  were  sent 


to  Messrs.  RidhI6  Bros.,  who  reported  their  tenac- 
ity to  be— 

No.  15  A,  900  ponnds  per  sqnare  inch. 

No.  15  C,  2,100  pounds. 


TABLE  LXXVIIL— ALLOY  OF  COPPER  AND  TIN. 
Original  mark:  No.  15 B.— Material :  Alloy.— Analysis :  47.49  Cu. 52.29  Sn. 


This  piece  broke  in  the  lathe  while  being  turned. 


Pieces  too  short  fur  test. 


TABLE  LXXIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  16  A.  —Material :  Alloy.— Original  mixture :  44.63  Ca,  55.37  Sn.— Analysis :  44.62  Co, 

55.15  Sn.— Dimensions :  Length,!''.    Diameter. 0.980". 


Broke  at  2,620  pounds  in  middle  of  turned  part 


Tenacity  per  sqnare  inch,  3,46C  pounds. 


TABLE  LXXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  16 B.— Material :  Alloy.— Analysis:  4-1.42  Cu,  55.41  Sn.— Dimensions:  Length,  6". 

Diameter,  0.798". 


Broke  at  1,2^,  after  the  stress  had  been  applied 
for  several  seconds,  at  D  end  of  turned  part. 


Elongation  Just  perceptible  to  touch  of  calipers 
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RECORD  OF  TESTS  BY  TENSILE  STRESS-Oontinaed. 

{^Firat  serieB.'] 

Hechaxical  Laboratory,  Dbfartmbnt  of  Enginreri^io,  Strvrks  Ikstitutr  of  Tbchholoot. 

TABLE  LXXXI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  17  A.— Material :  Alloy.— Original  mixture :  41.74  Cu,  58.26  Sn.^AsalysSB:  45.nCn, 

53.80  Sd.  -  Dimensions :  LenKtb,  6'^    Diameter,  0.798". 


Broke  at  1, 130  pounds  i  inch  from  A  end. 
No  elongation  aetected. 


Tenacity  per  aqnare  Inch,  2,280  ponnda. 


TABLE  LXXXII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  17 B. -Material :  Allov  —Original  mixture :  41.74  Cn,  58.26  Sn.— AnalyaU:  3e.83(X 

60.79  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Broke  at  2.780  poundb  i  inch  tram  B  end. 
No  elongation. 


Tenacity  per  square  Inch,  5,560  pounds. 


TABLE  LXXXin.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  18  A.— Material:  Alloy.— Original mixt^ire:  39.20 Cu, 60.80 Sn.— Analysis (NaiaC): 

38.37  Cu,  61..12  Sn.— Dimensious :  Length,  6".    Diameter,  0.798". 


Broke  in  the  tensile-machine  before  strain  was 
applied,  with  the  weight  of  the  piston  and  attach- 
ments, about  100  pounds. 


Tenacity  donbtfnl. 


TABLE  LXXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:    No.  18 B. -Material:    Alloy.— Analysis  (No.  18 C),  38.37  Cn.  61.32  Sn.-Dimensioas : 

Length,  6".    Diameter,  0.798". 


Brolce  at  1.410  ponudn  2^  inches  from  B  end.  '       Tenacity  per  square  incli,  2  820  pounds 

Elliptical-shaped  blowhole  in  fractured  surface.    |       Tenacity  per  square  inch,  deducting  blowhole, 
Area,  0.12  square  inch.  i   3,711  pouiidd. 


TABLE  LXXXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  19  A .— MaU^rial :  Alloy.— Original  mixture :  34  9."»  Cu,  65.05  Sn.— Analysis  (No.  laC)  i 

34.22  Cu,  ert.SO  Sn.— Dimensions:  Length,  6".     Diametor,  0.^98". 


Broke  1  inch  from  A  end  in  the  same  manner  ,       Tenacity,  doubtlhl. 
as  No.  18  A.  . 


TABLE  LXXXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  19 B.— Material :  Alloy.- Analysis  (No.  19 C):   34.22  Cu,  65.80  Sn.— DimeosioDs: 

Length,  6".    I>iameter,  0.799". 


Brwke  1  inch  from  D  end  at  1,690  pounds. 


Tenacity  per  square  inch,  3,371  pounds. 


TABLE  LXXXVIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 20  A —Material :  Alloy.— Original  mi xtnre:  38.7'.>  Cu,  71.28  Sn -Analysis, aS/.TCa, 

73.08  Sn  —Dimensions :  Length,  6".    Diameter,  0.799". 


Broke  at  900  pounds  2  inches  from  C  end. 


Tenacity  per  square  inch,  1,795  pounds. 


TABLE  LXXXVIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 20  B.— Material :  Alloy. -Original  mixture:  28.73  Cu,  71.28  Sn.— Analysis,  85.U Co, 

74.51  So.— Dimensions:  Length,  6".     Diameter,  0.79;)". 


Broke  at  750  pounds  at  D  end. 


Tenacity  per  square  inch,  1,500  ponoda. 


TESTS   OF   METALS 


421 


RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 


^First  series,'} 
Mbchanical  Laboratory,  Dbpartmknt  of  Enginekrimo,  Stevbkb  iNbTiruTK  of  Technolooy. 

TABLE  LXXXIX.— ALLO^  OF  COPPER  AND  TIN. 

Original  mark:  No. 31  A.— Material:  Alloy.— Ori^nalmixtnre:  24.38  Ca,  75.62 Sn.— Analysis:  33.80 Ca, 

76.89  Su.— Uimeastous :  Kectaugiilar  section,  0.997"  x  1.007". 


Bar  Na  3t  contained  a  blowhole  ^'hicb  extended 
throughout  nearly  its  wholn  length.  The  tennion- 
pieoes  were  thereforo  letl  of  the  orij^inal  rectangu- 
lar aeci  ion. 

31 A  bruke  at  6..300  ponnda  1^  inches  from  C 
end.    EiongMtion,  0  01  inch  in  6  inchev. 

Tenacity  per  square  inch  of  total  original  sec- 
tiou  6,:n5  pounds. 


The  blowhole  at  the  fractared  Rurface  was  ellip- 
'  tical  in  section,  measuring  0.31  x  0.16  inch  in  diam- 
eter. , 

The  distances  of  the  pdg«>8  of  the  hole  from  the 
two  nearest,  edges  of  the  fractured  surface  weic 
0.37  and  0  36  inch.    Area  of  blowhole,  0.0397  inch. 
Tenacity  per  squara  inch  of  metal  actually  frac- 
!  tured,  6,493  pounds. 


TABLE  XC— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  31  B.— Material :  Alloy.—Origiual  mixture :  34.38  Cu,  75.63  Sn.— An.olysis,  33.89  Cu, 

75.68  Sn.— Dimensions  :  Rectangular  section,  1,000"  x  l,l»30". 


Broke  at  7,430  pounds  3  inches  from  B  end. 

No  elongation.  Size  of  blowhole,  0.30  x  0.31  inch, 
elliptical.  Area.  u.04»5  inch.  Position  of  blow- 
bole,  0.35  inch  and  0.30  inch  from  nearest  edges. 


Tenacity^  per  square  inch  of  metal  actually  frac- 
tured. 7,646  pounds. 

Tenacity  per  square  inch  of  total  original  sec- 
tion, 7,375  pounds. 


TABLE  XCI.— ALLOY  OF  COPPER  AND  TIN. 

OtifUnal  mark:  No.  33  A.— Material :  Alloy.— Ori^ual  raixtaro:  31.18  Cu,  78.8)  Sn.— AnalyMs:  30.38 

Cu,  7D.6:)  Sn.— Dimensions :  Length,  6".    Diamtfter,  0.798". 


Broke  at  3,3^  pounds  at  A  end. 
^0  elongation  uetected. 


Tenacity  per  square  inch,  6,440  pounds. 


TA.BLE  XCII— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  S3  B.-Material :  Allor.— Orisinal  mixture  :  31. 18  Cu.  78.83  Sn.— Analysis,  30.31  Cu, 

79.63  Sn.— Dimensions :  Length,  6".    Diameter,  0.799". 


Broke  at  1,130  pounds  i  inch  from  D  end. 


Broke  at  1,130  pounds  i 
2fo  elongation  detectecL 


Tenacity  per  square  inch,  3,834  pounds. 


TABLE  XCIII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. S3  A.— Material :  Allov.—Oricinal  mixture :  15.19  Cu,  84.81  Sn.— Analysis,  15.1 3 Cu, 

84.58  Sn.— Dimensions :  Length,  6".     Diameter,  0.798". 


Broke  at  375  pounds  |  inch  from  C  end. 
Ko  elongation. 


Tenacity  per  square  inch,  550  pounds. 


TABLE  XCIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 33  B.— Material :  Alloy.— Original  mixture:  15.19  Cu,  84.81  Sn.— Analysis,  15.04 Cu, 

84.65  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Load. 


Powid$. 
3L7QO 
3,360 


Load  per 
square 
inch. 


Pounds. 
5,400 
6.530 


Elongation 
In  5  inches. 


Tnehei. 
0.01 
0.03 


Elongation  in 
parts  of  orig- 
inal length. 


.003 
.004 


Broke  at  D  end. 

Diameter  of  fractured  section,  0.798  inch. 
Tenacity  per  square  inch,  original  section,  6.530 
pounda 
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RECORD  OP  TESTS  BY  TENSILE  STRESS—Continned. 

Mechanical  Laboratobt,  Dbpartmbnt  of  EKoiNEBKRio.  Stevens  Insiuuu  ov 

TABLB  XC  v.- ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  Na94  A.— Material:  Alloy.— Original  mixture:  11.84  On,  88.16  8q  —Analysis:  11.49  On, 

88.44  Sd.— Dimensions:  Length,  6''.    Diameter,  0.79d". 


Load. 


Pounds. 
1.650 
2,760 
3,260 
3,300 
0 
3.300 

InSm. 


^.^.Irl' Elongation 
sqii-are ,  i_  «ii:«u..^ 


inch. 


in  5  inches. 


Pounds. 
3,300 
5,  .190 
6.5*20 
6.600 


6,600 
6,000 


Inokes. 

0.01 
0.04 
0.06 
0.10 
Set  0. 10 
0.13 
0.37 


Elongation  in 
parts  of  orig- 
inal length. 


.0090 
.OOtK) 
.0190 
.09(.0 


.0960 
.0740 


Broke  9  inches  from  A  end. 

Fractured  section  elliptical;  diameters,  0.768  and 
0.776  inch. 

Tenacity  por  square  inch  original  section,  6,600 
pounds. 

Tenacity  per  square  inch  fractured  section,  7,050 
pounds. 


TABLE  XCVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 94  B.— Material:  Alloy.— Original  mixture:  11.84  Cu,  88.16  Sn  —Analysis:  1L48  Cu, 

88.50  Sn.— Dimensions:  Length,  6''.    Diameter,  0.79d". 


Load. 


Po%mds. 
1,890 
9,680 
3,080 


Load  per 
square 
inch. 


Pounds. 
3,640 
5,360 
6,160 


Elongation 
in  5.09 
Inches 


JncKss. 
0.01 
0.09 
0.04 


Elongation  in 
parts  of  orig- 
inal length. 


.009 
.004 
.008 


Broke  I  inch  from  B  end. 

Diameter  of  fractured  section,  0.795  inch. 

Tenacity  per  square  inch  original  section,  6,160 
pounds. 

Tenacity  per  square  inch  fractured  section,  6,904 
pounds. 


TABLB  XCVII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na9S  A.— Material:   Alloy.— Original  mixture:  9.7  Cn, 90.3 Sn.— Analysis :  8.89 Cn, 

91.19 Sa.— Dimensions:  Length, 6".    Diameter, 0.798". 


Load   per 

Elongation 

Elongation      in 

Broke  2|  inches  fW>m  C  end. 

Load. 

square 

in      6.09 

parts  of  orig- 
inal length. 

Diameter  of  fractured  section,  0.730  inch. 

inch. 

inches. 

Tenacity  per  square  inch  original  section,  6,060 

pounds. 

Tenacity  per  square  inch  fhictured  sootton,  7,167 

Pounds 

Pounds. 

Inches. 

pounds. 

1,520 

3.040 

0.01 

.0017 

9.300 

4.400 

0.09 

.0033 

9,590 

5,040 

0.04 

.0067 

9,8:)0 

5.660 

0.07 

.0117 

3.000 

6.000 

0.11 

.0184 

In  9  m. 

6.000 

0.43 

.0714 

• 

TABLE  XCVni-ALLOY  OF  COPPER  AND  TEN. 

Original  mark:  No. 35  B.— Material:   Alloy.— Analysis:  8.39  Cu, 91.66  Sn.— Dimensions :  Length, 6" 

Diameter,  0.798". 


Load  per 

Elongation 

In  f>  inp.liAn 

Elongation     in 

Broke  1  inch  f^om  D  end. 

Load. 

square 

parts  of  orig- 
inal length. 

Diameter  of  fractured  section,  0.740  inch. 

inch. 

Tenacity  per  square  inch  original  soction,  6,900 

pounds. 

Tenacity  per  square  inch  Ihkcturad  section.  8»091 

Pounds. 

Pounds. 

Inches. 

pounds. 

9,000 

4.000 

0.01 

.0020 

9,700 

5,400 

0.03 

.0060 

2,010 

5.820 

0.05 

.0100 

3,450 

6.900 

0.19 

.0940 

In  1  m. 

6.900 

0.33 

.0660 

T£STS   OF   METALS. 


423 


RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 


IFirsi  series.'] 

Mechanical  Labobatoby,  DspARrMBNT  of  Enqinbbrino.  Stbvbns  Ixbtitutb  of  Tbchnologt. 

TABLE  XCIX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  Ko.  S6  A.— M%terial :  Alloy.— Orlscioal  mixture:  4.*29  00,95.71  Sn.— Analysis :  3.70  C a, 

96.30  Sd.— Dimensions :  Length,  6 '.    Diameter,  0.798" . 


Load. 


Poundt, 
1,300 
1,S30 
1.850 
2,000 
9,150 

InSm. 


Load  per 
sqnare 
incii. 


Pounds. 
3.600 
3.060 
3,700 
4,000 
4,300 
4,300 


Elongation 
in  6  inches. 


Inches. 
0.01 
0.04 
0.10 
0.16 
0.19 
a  50 


Elongation  in 
parts  of  orig- 
inal length. 


0017 
0067 
0167 
0i67 
0333 
0983 


Broke  in  middle. 

i  >tameter  of  fractured  section,  0.680  inch. 

Blowhole  0.25  inch  diameter  in  fractured  surface. 

Tenacity  per  square  inch  original  section.  4,300 
ponnds. 

Tenacity  per  square  inch,  deducting  blowholes, 
4,767  pounds. 

Tenacity  per  square  inch  fraotnc9d  section,  5,0i)0 
pounds. 


TABLE  C— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   N0.S6  B.— Material:   Alloy.— Analysis;   3.74  Cu,  96.32 Sn.— Dimensions:  Length, 6''. 

Diameter.  0.79<$". 


Load   per 

Elongation 
in  5  inches. 

ElongaUon      in 

Broke  in  middle. 

Load. 

square 

parts  of  orig- 
inal length. 

Diameter  of  A*actnred  section,  0.660  inch. 

inch. 

Breaking  load,  2,630  pounds. 

Tenacity  per  square  inch  original  section,  5,260 

— • — 

pounds. 

Pounds. 

Pounds. 

Inches. 

1 

Tenacity  per  sqnare  inch  fmotured  section,  7,687 

1,550 

3,100 

0.01 

.002 

pounds,   (assuming  that    the   final  section   sus- 

2,000 

4,000 

0.03 

.006 

tained  the  maximnm  load  of  2,630  pounds.) 

9,630 

5.260 

0.09 

.018 

Inl  m. 

5,260 

0.62 

.124 

Reduced 

to— 

l.eOO 

3,-600 

0.64 

.128 

In  2  m. 

3.600 

0.65 

.130 

In  4ni. 

3,600 

0.74 

.148 

TABLE  CL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  27  A.— Material:  Alloy.— Original  mixture:  1.11  Cu,  98.89  Sn.— Analysis :  0.75  Cn, 

98  89  Sn.— Dimensions :  Length,  V.    Diameter,  0.798". 


Load. 


P<nmds 
1.600 
Inl  m. 
1,800 
In  2  m. 
In5  m. 
In  7  m. 
In  8  m. 


Load  per 
square 
inch. 


Pounds. 
3,200 
3.200 
3.6U0 
3,600 
3,600 
3,600 
3,600 


Elongation 
in  5.01 
inches. 


Inches. 

0.09 
0.18 
0.24 
0.40 
0.65 
1.26 
1.58 


Elongation  in 
parts  of  orig- 
inal length. 


.018 
.036 
.048 
.080 
.013 
.252 
.316 


Broke  in  middle. 

Diameter  of  fractured  section,  0.550  inch. 

Surlkoe  very  much  corrugated  by  strain. 

Tenacity  per  sqnare  inch  original  section,  3,600 
pounds. 

Tenacity  per  square  inch  fractured  section  (as- 
suming that  the  fiaal  section  sustained  the  load  of 
1,800  potfnds),  7,576  ponnds. 


TABLE  CU.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  27  B.— Material:  Alloy.— Original  mixture:  1.11  Co,  98.89  Sn.— Analysis :  0.72  Co, 

99.06  Sn.— Dimensions:  Length,  6'^    Diameter,  0.798". 


Load. 


Pounds. 
1,550 
In  2  m. 
1.850 
In  3  m. 

0 
1,850 


Load  per 

sqnare 

inch. 

Pounds. 

3,100 

3,100 

3,700 

3,700 

3,700 


Elongation 
in  5.08 
inches. 


Set. 


Inches. 
0.13 
0.17 
0.28 
0.7a 
0.72 
0.81 


Elongation  i  n 
parts  of  orig- 
inal length. 


.0224 
.0293 
.0483 
.1241 


.1307 


Broke  2  inches  from  B  end. 

Diameter  of  fractnred  section,  0.540  inch. 

Tenacity  per  square  inch  original  section,  3,700 
pounds. 

Tenacity  per  square  inch  fractnred  section, 
8,157  ponnds.(1) 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

IFirst  aeries,'] 
•Mechanical  LAsoiiATORr,  Departsirnt  of  E:7ginkbrino,  Stevens  Tnstitutb  op  Tbchnoloot. 


TABLE  cm— ALLOY  OF  COPPER  AND  TIN. 

Original  mark«  No.  88 A. —Material:  Alloy. -Orl^nal  mixture:  0.557  Cn.  99.443  Sn.— Analysis:   0.3S 

Cu,  99.46  Sn.— DimensioDS  :  Length,  6".    Diameter,  0.798^'. 


Load. 

Load  per 
square 

iDOh. 

Poundi. 
1.400 
1.700 

1,880 

2,350 

Poundi. 
'2.800 
.3,  400 
3,760 

4,703 

Redaced  to — 
3, 200  4. 400 


Elouf^atioa 
iuSiaches. 


Elongation      in 

fjarts  of  orig- 
ai)  length. 


Inc?ie9. 

0  02  .001 

0. 05  .  008 ) 

0.2^    ;  .05 

Ezteudini; rapidly;  moAsaro- 
raent  nut  tikoa. 


1.8) 


.36 


Broke  in  middle;  prreatest  stre8<«,  2,.150  poandd. 

DiAmot<or  of  fractured  section  0.455  inch. 

SiirfacH  very  much  di-<t«rtod. 

Tnnaoity  per  8(|uare  inch  original  seotlon,  4,703 
poo'idrt. 

Tenacity  per  sqaare  inch  fra  >tured  section  <as- 
sninin^  that  tbe  naal  section  8ii«u>iaed  the  mixi- 
mum  load  of  2.350  pounds;  plainly  an  error  in 
this  case),  14,453  pounds. 


TABLE  CIV.— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No. 28 B— Material :  Alloy.— Original  mixture:  0.557  Cn,  99.44.1  Sn.— Analysis:  0.32  Co, 

99.4  Sn.— Dimensions :  Length,  &'.    Diameter,  0.798". 


Load. 


Load  per 
square 
inch. 


Pounds,       Inchet. 
1, 250  2, 500 

In  3  m.  2, 500 

1. 500  3. 000 

In  3  m.  3, 000 

In8m.t         3,000 

Increased  strain  rap 
2, 125    I         4, 250 

Reduced  to— 
1.400    I         2.800 


Elongation 
in  6.02 
inches. 


PoundM. 
0.01 
0.03 
0.08 
0.30 
0.50 
idly  to — 
1.93 

2.10 


Elongation  in 
parts  of  orig- 
inal length. 


.0017 
.0050 
.0133 

.0498 
.0S31 


.3206 
.3488 


Broke  in  middle. 

Diameter  of  fractured  section,  0.475  inch. 

Tonaoity  per  square  inch  original  seoiion,  4,250 
pounds. 

Teuacity  per  square  inch  fractured  section  (as- 
suming tJiAt  the  tinal  seoLion  sustained  the  load 
of  2,125  pounds),  11,992  pounds. 


TABLE  CV.-CAST  TIN. 
Original  mark:  No.  29  A. — Material:  Binca  tin. — Dimensions:  Length,  6".    Diameter,  0.798" 


Load. 


Load   per  .  gion^ation 
square    ^    "r   c^ 
inch  in  6  inches 


Pounds 
1,700 
0 
Reducof 
1,250  I 
In  2  m. 
1,400 
InlOro, 


Pounds. 
3,400 


to— 


2, 500 

2,500 
2.  8(K) 
2,800 


Inches. 
0.15 
Sot  0. 15 

0.19 
0.27 
0.32 
1.70 


Elongation     io 

fiarls  of  orig- 
nal  length. 


.025 

.0313 
.045 
.  05;J3 
.2833 


i      Broke  \  inch  from  A  end. 

I  Diameterot' fractured  section  0.490  inch  (approxi- 
i  mattily).  Tlie  section  was  very  much  distorted, 
I  and  an  exacc  meaiurement  could  not  bn  obtained. 
I  Teuacity  per  Mquare  inch  of  original  section, 
I  couMtdering  1,400  pounds  as  the  breaking  load, 
2,800  pounds  (with  gradual  test). 
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EECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

IFirat  8erie8.'\ 

MECHAXICAL  LaBOBATORT,  DBTABTXiCNT  OP  ENUIX£KE(XG,  StKVBXS  IHSTITUFE  OV  TBCUXOLOOV. 

TABLB  CVI.-CAST  TIN. 
Original  mark :  No. 39  B.— Material:  Banca  tin^DimeaJiions:  Len^cth,  6*'.    Dlamete.,  0.798'\ 


Load. 


Pnnds. 
975 
1.180 
1,890 
1.000 
9^000 
8,100 


Load  per 
square 
tnch. 


Pounds. 
1,950 
3.360 
2,5-?0 
3.300 
4.0«iO 
4.300 


EloQ^rationl  Elongatloa  iu 
i  n  6.0*3  '  parta  of  orig- 
inchea.    |      inal  length. 


Incket. 
0.01 
0.03 
0.09 
0.80 
0.58 
l.tW 


.0017 
.0050 
.0150 

.  o;w« 

.0iK>3 
.  31*^3 


Pieoe  extending  rapidly  and  artain  red  need  to— 
1,700  ,  3.400  )  2.58  I  .4269 


Broke  2  inches  from  D  end. 
Fraotared  Miction  very  irrognlar,  and  drawn  oat 
alni'ist  to  »  point.     Estimated  diameter  of  final 
section  0.300  inch. 
I      Tenacity  per   square  inch  of  orlglaal  section 
I  (vfUh  rapid  test)  4.200  pounds. 


TABLE  CVIL-CAST  COPPER. 

Original  mark :  Na30  A.— Ifaterial :  Lake  Superior  ooppnr.  cast  in  iron  mold.^Dimeaslona :  Length, 

5".    Diameter.  0.798". 


Load. 


Pounds. 
400 
1.000 
2.000 
4,000 
6.00O 

'6.400 
6.800 
7,200 
iS,O0O 
e.800 
9.600 
9,800 
230 

10,200 


Load  per 
square 
inch. 


FouTids. 

800 

2,000 

4,000 

8.000 

12,000 

I2,ft00 

13.600 

14.  400 

16.000 

17,600 

11»,  200 

19,600 

300 

20,400 


Elongation 
in  5  laches. 


Inches. 
0.0004 
0.0011 
0. 0022 
0. 0027 
0.0032 
0.0052 
0.0083 
0.  0132 
0.  0358 
0.0642 
0.0942 
0. 1073 
Set  0. 0951 
0. 1218 


.00008 
.00022 
.00044 
.00051 
.00064 
.00104 
.00166 
. 00264 
.00716 
.012H4 
.01884 
.02146 


.02436 


Elongation  in 
parts  of  origi- 
nal length. 


Load. 


Load 


per 

square 
inch. 


Elongation 
iu  5  inches. 


Elongation  in 
parts  of  origi- 
nal length. 


I 


I 


Pounds.     Pounds.         Inches. 
11,000  22,000  0.1605  .03210 

12,200  24,400  0.2191  .04182 

14,UO0  28,000  0.3258  .06516 

270  540    Set  0.3155    

14,  400  28.  HOO  0.  3448  ;  .  06896 

14. 600  I  29, 200  0. 37G0  |  .  07.j20 

Broke  just  as  reading  was  taken  i  inch  from  A 
end.  Fracturnd  soction  diHtortnd  from  circular 
form.  Three  diameters  measured  0.737  inch.  0.725 
inch,  and  0.732  inch. 

Tenacity  per  square  inch  original  section,  29,200 
pounds. 

Tenacity  per  square  inch  fractured  section.  34,790 
pounds. 


TABLB  CVIIL— CAST  COPPER. 
Original  mark :  Xo.  30  B. — Material :  Cait  c  >ppdr. — Dimensions :  Length,  S".    Diameter,  0.798". 


Load. 


Pounds 

6,400 

7,000 

7.200 

7.80O 

a400 

9,000 

9,400 

9,800 

10.200 

10,600 

11,000 

11,400 

11,800 

1S^200 


Load 


per 

square 
inch. 


Pounds. 
12.800 
14,000 
14.400 
15,600 
16,800 
18,000 
18,800 
19,600 
20,400 
SI,  200 
22,000 
22,800 
23, 600 
24.400 


Elongation 
in  5  inches. 


Compression  in    i 
parts  of  origi-      Load, 
nal  length. 


Inches. 
0.0035 
0. 0081 
0.0111 
0.0259 
0.0439 
0.0652 
0.0807 
0. 1)952 
0.1147 
0. 1317 
0.  1517 
0.  1707 
0.1967 
0.2182 


.00070 
.  00162 
.  00222 
.00518 
.00878 
.01304 
.01614 
.01904 
.  02-294 
. 02631 
.  03034 
. 03414 
.03934 
.04364 


Pounds 
12,600 
13.  nOO 
13,200 


Load  per 
square 
Inch. 


Pounds. 
25,200 
26,000 
26,400 


Elopgation 
in  5  inches. 


Compresfiion  in 
partJt  of  origi- 
nal laugth. 


.04874 
.05414 


n 


Broke  in  middle  Just  as  beam  rose. 

Fractured  section,  elliptioal.  Diameters,  0.752 
and  0.740  inch. 

Tenacity  poivsquare  inch  orlglual  section,  26,400 
pounds. 

Tenacity  per  squ.tre  inch  fractured  section, 
30,201  pounds. 

Note. — The  piece  bent  slightly  under  strains 
less  than  6,400  pounds,  and  thus  caused  errors  in 
the  readings  of  elongations  below  that  point. 
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TESTS   OF   METALS. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 

MBCHAXICAL  LaBORATOBY,   DKPARTXBXT  op  ENOINESKINO,  STBVKNS  IN8TIT17TB  OF  TSCHNOLOOY. 

TABLE  CIX.-CAST  COPPER. 
Original  mark:  No  1.— Material:  Lake  Superior  copper. —DimeDsions:  LengUi,  9^'.    Diameter,  O.Siy. 


Load. 

Coinpree- 

■iOD. 

Load   per 
pqnare 
inch. 

1 
Coropreesion  in 
parte  of  orig- 
inal length. 

1 

Load. 

Gomprea- 
sion. 

Load  per 
aqnare 
inch. 

Compreaaion  in 
parts  of  orig- 
inal length. 

Poundt 

InehM. 

FouiidM* 

Poundt. 

Inehe*. 

Poundt. 

1.000 

0.00-29 

3.359 

.00145 

15,  OOU 

0.368 

48,893 

.1840 

1.500 

0.0087 

4,889 

.00435 

16,350 

0.436 

5*2,967 

.3130 

3,000 

0.015 

6,519 

.0075 

17.000 

0.477 

55,411 

.3;i85 

3.000 

0.0-22 

9,778 

>0110 

18,000 

0.538 

58,671 

.9640 

4,000 

0.030 

13.038 

.0150 

18.935 

0.584 

61.688 

.3930 

5,000 

0. 04:l 

16,897 

.0*215 

19,600 

0.633 

63,886 

.3165 

6,000 

0.065 

19.557 

.0335 

30,500 

0.707 

66,830 

.  3.^35 

7,000 

0.079 

83,816 

.0395 

33,000 

0.838 

71,709 

.4190 

8.000 

0.097 

26,076 

.0485 

33,000 

0.896 

74,968 

.4480 

0,000 

0.138 

S9.3:i5 

.0640 

10,000 

0.153 

33,.'S95 

.0765 

Piece  removed  bent. 

11,000 

0.183 

35.854 

.0910 

Piece   Hllghtly  bent  at  9.000 

poands.     A.ft«r 

1*2,000 

0.309 

39. 114 

.1045 

17,000  poands  the  beam  dropped  immediatdy  after 

13,000 

0,351 

43, 373 

.1:255 

the  strain  wae  applied. 

14,000 

0.304 

45,633 

.1530              , 

1 

TABLE  CX.-CA8T  COPPFR. 
Original  mark:  No.  1 D.— Material:  Cast  copper.— Bimenaiona:  Length,  3".    Diameter,  0.6SS" 


150 

4,000 

6,000 

8,000 

10,000 

13.000 

14,000 

16,000 


.0000 
.003.^ 
.0-233 
.0S.i8 
.090S 
.1971 
.2073 
.3934 


13,038 
19, 557 
36,075 
3*2. 595 
39,114 
45,633 
53,153 


.00135 

.0116 

.0369 

.0454 

.0635 

.10.)6 

.1463 


18.000 
30,000 
33.000 
34,000 
•25,000 


.4115 
.  5.249 
.7018 
.8678 


Lifted  the  beam. 


58,671 
65,188 
71,709 
78,338 


.9057 
.36*24 
.3509 
.4339 


TABLE  CXI— ALLOT  OF  COPPER  AKD  TIN. 


Original  mark:  No.  9  D.— Material:  Alloy.-Original  mixtnro:  98.1  Cn,  1.9  Sn.— Analysis  97.83 Co,  1.9i 

vZn  TkiinAtiai/ina.    T.AniFt.h    ^'         niAtnAfAr    A  A4 V 


Sn.— Dimensions :  Length  3".    Diameter,  O.d^iS". 


500 

0.005 

1,630 

.0035 

13,000 

0.337 

43.373 

.1635 

1  000 

0.009 

3,350 

.0045 

14,000 

0.386 

4.^633 

.1930 

9.000 

0  015 

6,519 

.0075 

14,500 

0.480 

46,863 

.9400 

3,000 

0  031 

9,778 

.0105 

Rednoedto- 

4,000 

0.036 

13,038 

.0130 

14.000 

0.538 

45,633 

.9690 

5.000 

0.03-i 

16,397 

.0140 

13. 0  )0 

0.590 

43,373 

.2950 

6,000 

0.032 

19,557 

.0160 

10,000 

0.639 

3*2,595 

.3195 

7,000 

•  0. 038 

33.816 

.0190 

7,000 

0.6'Q 

93.816 

.3435 

8,000 

0.047 

36,076 

.0335 

3,000 

a  736 

6,519 

.3680 

9.000 

a  074 

29,335 

.0370 

Repeat 

ed. 

1      Piece  removed  be 

nt  so  that  it 

rested  on  two  eor- 

9,000 

0.106 

99,335 

.0530 

ners  only. 

IC.OOO 

0.170 

33,  .'>95 

.0850 

The  bending  of  tl 

tie  piece  was 

iirst  observed  at 

11,000 

0.9*25 

35.854 

.ll&t 

9,000  poands. 

13,000 

0.267 

39, 114 

.1335 

1 

TESTS   OP   METALS. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 
MiCHAiriCAL  Laboratory,  Drpartmsnt  of  Bnoinebrino,  Stkvrnb  Inatitutb  of  Trchkoloot. 

TABLE  CXn— ALLOY  OF  COPPER  AND  TIN. 


Origmal  mark:  ISTaSD.— Ifatarial:  ABoy.—Odf|iiial  mixture ;  0G.37  Cn,  3.73  Sn.— AnalyBie:  95.96  Ca, 

3.80  8o.~DimeD8ion8:  Lentil,  t".    IliHMtar,  0.633''. 


Load. 

Compres- 
sion. 

Load  per 
aqaare 

iDOb. 

Compresaion  in 
parts  of  orig- 
inal length. 

Load. 

Compres* 
pion. 

Losd   per 
aqnare 
inob. 

parts  of  oiig. 
inal  length. 

Pound: 

Indies. 

Powndi. 

■ 

Powndt. 

Inehet. 

PwMit, 

500 

0.003 

1.630 

.0015 

Reduced  to- 

S;000 

O.OIO 

6,519 

.OO.'tO 

ll,  900 

0.192 

38,788 

.0960 

3,000 

0.014 

9.778 

.0070 

12,300 

0.255 

40.092 

.1275 

4.000 

0.0« 

13,038 

.0100 

13.000 

0.369 

42,373 

.1345 

5.000 

0.023 

16,297 

.0110 

14,000 

0.389 

45,633 

.1445 

6,000 

0.025 

19.557 

.0125 

15.000 

0. 313 

48.892 

.1565 

7,000 

0.027 

22.816 

.0135 

15,600 

0.346 

50.848 

.1730 

8.000 

0.030 

26,076 

.0150 

16,000 

0.372 

52,153 

.1860 

9,000 

0.033 

39,335 

.0165 

Red  need  to— 

10,000 

0.041 

32.595 

.0205 

14,800 

0.390 

48,341 

.1950 

11,000 

0.053 

35.854 

.0265 

10,000 

0.539 

32,  .'»5 

.2695 

11.500 

0.069 

37.484 

.0345 

2,000 

0.605 

6.519 

.3025 

12,000 

a  093 

39,114 

.0465 

Piece  removed  bent  in  a  doable  curve. 

12,500 

0.133 

40, 744 

.0675 

Bending  first  observed  at  13,500  pounds. 

12,900 

0.160 

43,048 

.0800 

TABLE  CXUL -ALLOY  OP  COPPER  AND  TiEN. 

Original  mark:  Na 4  B.— Material :  AIloy.<-OriginaI  mixture:  92.8  Cn,  7.3  Sn.— Dimensions:  Length  3". 

Diameter:  0  68V'. 


500 

0.005 

1,630 

.r025 

1 
16,000 

—   ■  t 

0.387 

53.152 

.  1435 

1,000 

0.010 

3,250 

.0050 

17,500 

0.333 

57.041 

.1660 

2,000 

0.015 

6,519 

.  (J075 

19,000 

0.370 

61,930 

.lf^50 

3,000 

0.020 

9,778 

.0100 

21,000 

0.429 

68,449 

.2145 

4.000 

0.034 

13, 038 

.0120 

2:1,000 

0.489 

74, 968 

.2445 

5,000 

0.028 

16,297 

.0140 

1  35.  000 

0.537 

81,487 

.2685 

6,000 

0.031 

19.557 

.  0155 

1  25,800 

0.581 

84.095 

.2905 

7,000 

0.037 

82,816 

.0175 

Strain  decreased  in  1  mio.  to— 

8,000 

a  044 

26,076 

.0320 

25.000 

0.702 

81,487 

.3510 

9.000 

0.062 

29,335 

.0310 

30,000 

0.820 

65.190 

.4100 

9,500 

0.080 

30,965 

.0400 

14,000 

0.870 

43.633 

.4:i50 

10,000 

0.120 

32.595 

.0600 

2,500 

0.907 

24.446 

.4535 

11.000 

0.140 

35,854 

.0700 

1      Piece  removed  bent. 

Iv,  00<» 

0.159 

.'19,114 

.07*15 

Bending  first  observed  at  9,00( 

0  pounds. 

14,000 

0.225 

45,633 

.1185 

1 
1 

TABLE  CXIV.-ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  Na5  D.— Material :  Alloy.— Original  mixture:  90  Cu^  10  Sn.— Analysis :  90.43  Cn,  9.50 

Sn.- DimeusioDS:  Length,  2".    Diameter,  0.625." 


500 

0.0<»7 

1,630 

.0035 

15,600 

0.302 

50,848 

.1510 

1.000 

0.010 

3,259 

.0050              I 

17.000 

0.335 

55,411 

.1675 

3,000 

0.016 

6,519 

.00f« 

18,000 

0.366 

58,671 

.1830 

3.000 

.  0.022 

9,778 

.0110 

19.04K) 

0.442 

61,930 

*       .2310 

4.000 

0.026 

13.03H 

.  0130 

Reduced  to — 

5,000 

0.030 

16.297 

.  OL-SO 

\9,>m 

0.469 

61,279 

.3345 

6.000 

0.034 

19,557 

.0170 

18.000 

0.546 

58,671 

.3730 

7,000 

0.044 

83.816 

.  02i.O             1 

16,300 

a  579 

53.130 

.3^95 

8.000 

0.056 

86,076 

.0295 

14,500 

a604 

47.263 

.3020 

9,000 

0.080 

89,335 

.0400              1 

10,600 

.    0.635 

34,551 

.3175 

10.000 

0.110 

33.595 

.0550 

4.000 

0.671 

13,038 

.3355 

11,000 

0.154 

35,  854 

.0770 

Piece  bent  and  slipped  out  1 

I'rom  between  the 

13.350 

0.231 

39.929 

.1155 

pressure  plates. 

13,500 

0.244 

44,003 

.1^0 

Bending  first  observed  at  10, 0( 

X)  pounds. 

14,500 

0.366 

47,363 

.1330 
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TESTS   OF   METALS. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS~Con tinned. 
Mechanical  Labobatuky,  Dspartkknt  of  Bnodibbrino«  Sybvsns  Ixstitutb  of  Tbcbkology. 

TABLE  CX7.— ALLOY  OP  COPPER  AND  TIN 

Original  mark :  No.  6  B.— ^[aterlal :  Alloy.— OriKinal  inlztnre:  86.57  Cii,  13.43  Sn.— Analysis,  87.15  Co. 

14.77  Sn.—Dimensions :  Length,  S".    Diameter,  0.6-i5". 


Load. 

Compres- 

Load  pt'r 
square 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 
8i(m. 

Load    per 
square 

Compression  in 
parts  of  orig- 
inal length. 

sion. 

inch. 

inch. 

Founds. 

Inchet. 

Pcundt. 

rounds 

Inehes. 

Pounds. 

1,000 

0.005 

.    3,259 

.0035 

23,000 

o.xn 

71,709 

.1685 

8,000 

0.011 

6,519 

.0055 

24. 000 

0.390 

78,228 

.1950 

4,000 

0.0ld 

13, 03d 

.0090 

2({.000 

0.419 

84, 747 

.2245 

6,1)00 

0.023 

19,557 

.0115 

27,500  ;            0.496 

89,636 

.2480 

8,000 

0.  OiS 

36,076 

.0140 

Decreased  to — 

10,000 

0.045 

32,595 

.  0«5 

27,250 

0.531 

88,821 

.2655 

11.  OIK) 

0.0G6 

35.834 

.03:w 

26,100 

0. 599 

85, 073 

.2995 

1-2. 000 

0.101 

39, 114 

.0505 

24,000 

0.665 

78,228 

.3325 

14,000 

0.146 

45,633 

.0730 

20,000 

0.716 

65.  190 

.3580 

16,000 

0.197 

52, 152 

.09^5 

17,000 

0.741             5,5,411 

.3705 

17,000 

0.218 

55.411 

.1090 

lO.OUO 

0.  772             32,  595 

.3860 

lU.OOO 

0.  244 

5tf,  671 

.1220 

Plectt  slipped  out  from  between  pressare  plates. 

:M,&00 

0.29d 

66,830 

.1490 

Bending  first  observed  at  11.000  pounds. 

TABLE  CXVI.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.7  A.— MiUorlal:  A^oy,— Origin a1  mixture:  80  Cn,  30 Sn.— Analysis :  80.99  Cu,  18.93 

Sn.— Dimeusionrt:  Leuglh,  3".    Diameter,  0.625". 


.^00 

1.000 

2,000 

3.000 

4,000 

6,000 

8,000 

10.000 

12,000 

14.000 

16,000 

11^,000 

21,000 

23,000 

0.006 
0.  012 
0.015 
0.020 
0.02S 

0.  on 

0.03i 
0.041 
0.  052 
0.  059 
0.069 
0.  082 
0.106 
0.187 


1.630 

.0030 

3,  2.VJ 

.0060 

6,519 

.0075 

9,778 

.0100 

13, 03:) 

.0115 

10. 5:^7 

.0155 

26, 076 

.0190 

32.595 

.  0220 

39.  114 

.0260 

45,  63 1 

.0295 

52, 1.V2 

.  0345 

58,871 

.0410 

65,  190 

.0530 

71, 709 

.0935 

21.000  0.202 

26.000  0.215 

2-i.OOO  0.241 

30. 000  0. 285 

31.000  0.29!4 

31.  750  0.  .128 

Dooreased  to^ 
30,  6U0  0. 3'>1 

29.  000  0.  390 

28.  000  0.  406 

Pieoe  flew  out  from  between  pressure  plates, 
a  sniiill  piece  breaking  frnm  one  corner. 

Bending  first  observed  at  20,500  pounds. 


78.238 

.1010 

84. 747 

.1073 

91, 266 

.1205 

97,785 

.1425 

101,  <M4 

.1490 

103,  489 

.1640 

99,741 

.1770 

94,  525 

.1950 

91.266 

.2030 

TABLE  CXVIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 8  B.— )faterial:  Alloy.— Original  mixture:   76.33  Cn,  23.68  Sn.— Analysis :    76.60 

Cn,  23.23  So.— Dimensions :  Length,  2".    Diameter,  0.625". 


1,000 

0.0O3 

3,259 

.0015 

'  28.000  1            0.078 

91,366 

.0390 

2.000 

O.Oll 

6,519 

.0055 

IM.OOO  I            0.090 

97.7r<5 

.0450 

3,000 

0.0L5 

9,778 

.0075 

31,000 

0.  100 

101,044 

.051)0 

4.000 

0.020 

13, 038 

.0100 

32.000 

0.110 

104,  303 

.  0.550 

6.000 

0. 027 

19,557 

.0135 

'  33.000 

0.133 

107,  562 

.0660 

8.000 

o.o:a 

26, 076 

.0165 

Reduced  to — 

10,000 

0.436 

32,595 

.0180 

.31.200  i           a  158 

101. 696 

.0790 

12.000 

0.039 

39,114 

.0195 

33,000  ,            0.171 

104,303 

.08.55 

14. 000 

0.  042 

4.%  633 

.0210 

'  33,  000  '            0.  173 

107.  562 

.08(>5 

16.000 

0.046 

52,  152 

.  0i30 

,  34,  000              0. 175 

1 10,  822 

.0^75 

18,000 

0.  050 

.58,671 

.  O2.'>0 

'  35,000              0.181 

114,081 

.0105 

20.000 

0.058 

65,190 

.0-290 

Piec<*  broke  sudd 

enlydiagona 

llyaoros4lhemid- 

22.000 

0.  059 

71,  709 

^0295 

die.    One  piece  fle> 
distance  of  12  feet. 

V  out  from 

the  maohino  to  a 

24, 000 

0.  065 

78,  228 

.  0325 

36,000 

o.orj 

84,  747 

.0365 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 


MscHANiciL  Labor ATOBT,  Dbpartmbnt  of  Enginebbino,  Stevens  Institutb  of  Technolooy. 

TABLE  CXVin.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  9.->Material:   AIIot.— Orijsinal  mixture :   70  Cn,  30  Sn.— Anal3-sl0:   69.90  Cn, 

29.85  Sd.— DimeuBions:  Length,  2".    Diameter,  0,625^'. 


Load. 

Compres- 

Loa<l per 
sqaare 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 

Load   per 
square 

Compression  in 
parte  of  orig- 
inal length. 

sion. 

inch. 

sion. 

inch. 

Founds. 

Inches. 

Pounds. 

Pounds. 

Inches, 

Pounds. 

1,000 

0.001 

3,259 

.0005 

30,000 

0.0.55 

97,785 

.0275 

2,000 

0.008 

6,519 

.0040 

32.000 

0.056 

104, 303 

.0»*0 

4,000 

0.017 

13, 038 

.0065 

34,000 

0.058 

110, 822 

.0290 

8.000 

a  031 

28,076 

.0155 

36,000 

0.059 

117,  341 

.0995 

10,000 

0.038 

32,595 

.0190 

38,000 

0.060 

123,860 

.0300 

12.000 

0.039 

39.114 

.0195 

40.000 

0.063 

130,379 

.0315 

14,000 

0.043 

45,633 

.0215 

<    42,000 

0.065 

136, 898 

.0325 

16,000 

0.045 

52,  152 

.0225 

.    44,000 

0.068 

143, 417 

.0340 

18.000 

0.046 

58,671 

.0230 

45,000 

0.070 

146,  676 

.0350 

20,000 
92,000 
24,000 
26,000 
28,000 

0.049 
0.050 
0.052 
O.O-W 
0.054 

65.190 
71,709 
78,228 
84,  747 
91, 266 

.0245 
.0250 
.0260 
.0265 
.0270 

About  30  seconds  after  the  strain  was  applied 
the  piece  broke  soddenly  with  a  loud  report,  and 
flew  into  small  pieces.    The  largest  piece  that 
could  be  found  was  about  the  size  of  a  pea. 

TABLE  CXTX:.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  11. — Material:   Alloy.— Originid  mixture:    65  Ca,  35  Sn.— Analysis:  65.31  Cu, 

34.47  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


2,000 

0.006 

6,519 

.0030 

18,000 

•0.043 

58,671 

.0215 

3.000 

0.011 

9,778 

.0055 

20,000 

0.046 

65,190 

.0230 

4,000 

0.020 

1.3, 03^ 

.0100 

22,000 

0.048 

71,709 

.0240 

6,000 

0. 02:i 

19,557 

.0115 

24.000 

0.051 

78, 22H 

.0255 

8,000 

0.025 

26,076 

.OltiS 

25,000 

0.052 

81,487- 

.  0.260 

10,000 

0.030 

32,  .'>05 

.Ol.-iO 

26,000 

0.057 

84,747 

.0285 

12,000 
14.000 

0.034 
0.03d 

39.114 
45.  633 

.0170 
.0190 

Piece  broke  suddei 
upper  end. 

sly,  several 

pieces  flying  oflf 

16.000 

0.041 

5;t,152 

.0205 

\ 

TABLE  CXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   No    12.— Material :  Alloy.— Original  mixture:   61.71   Cu,  38.29  6n.— Analysis:  6.— 

Dimensions:  Length,  2".    Diameter,  0.625". 


2,000 

0.004 

6,519 

.0020 

9,000 

0.031 

29,335 

.0155 

3,00U 

O.OIO 

9,778 

.0050 

10.000 

0.  032 

32,595 

.Ol'O 

4.000 

0.014 

13, 0:i8 

.0070 

,     11,000 

0.033 

35,854 

.0165 

5.000 

0.018 

16.297 

.0090 

12,000 

0.035 

39, 114 

.0175 

6,000 
7,000 
8,000 

0. 021 
0.024 
0. 027 

19,  557 
22,  816 
26, 076 

.0105 
.0120 
.0135 

Broke  suddenly,  splitting  open  the  upper  end, 
with  a  wedge-shaped  piece  left  in  tho  middle. 

■ 

TABLE  CXXL— ALLOY  QF  COPPER  AND  TIN. 

Original  mark:  No.  15.— Material:  Alloy.— Original  mixture:  47.95  Cu,  52.05  Sn.— Analysis:   47.72  Cu, 

51.99  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


1,500 

0.002 

4,8?9 

.  0010 

12,000 

0.030 

39,114 

.0150 

S.500 

0.006 

8,149 

.0030 

14.  OiiO 

0.031 

45, 633 

.0155 

3,500 

0.01 1 

11.408 

.0055 

16,000 

0.034 

52.  152 

.0170 

4,500 

0. 015 

14,668 

.0075 

18,000 

0.036 

58,671 

.0180 

5,500 

0.017 

17,927 

.0085 

20,  000 

0.040 

65, 190 

.0200 

6,500 

0.018 

21,187 

.0090 

21,000 

0.041 

68, 449 

.  0205 

7,500 

0.021 

24,446 

.0105 

25,000 

0.043 

81,41^7 

.021.'^. 

8,500 

9,500 

10,500 

0.025 

27,706 

.0125 

26.000 

0. 043 

84,  747 

0.027 
0.029 

30.965 
34,225 

.0135 
.0145 

Broke  in  appfying  e 

itraiu. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Coiitinued. 

MXCHANICAL  LaDOUATORY,   DEPARTMEKT  OF  EKOINBIRIMO,  STBVKMS  iKSTfTUTB  OF  TKCHKOLOOT. 

TABLE  CXXn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  16  B.— Material :  Alloy.— Origlnnl  mlxtare:  44  63Ca.  55.37  Sn.— Analysis :  44.0SCu, 

55  15  Sn.— Dimensions:  Length,  8'.    Diameter,  0.625". 


Load. 


Compres- 
sion. 


Load  per 
square 
inch. 


Pounds. 
8,000 
3.000 
4,000 
5.000 
6.000 
7,000 
8,000 
0,0OU 


Indies. 

aoo5 

0.010 
0.014 
0.018 
0.088 
0.0-25 
0.037 
0.029 


Pouttds. 
6,510 
9,778 
13, 03H 
16, 297 
19,557 
82,616 
86.076 
89,335 


Compression  in 

ftaits  of  orig- 
nal  length. 


.0010 
.0090 
.0028 
.0036 
.0U44 
.0050 
.0054 
.0058 


Load. 


Coropres- 
sion. 


Pounds.     Inches. 

10,000  ,         0.031 

liepeated— 

10,000  I         0.033 

11,000 


Load  per 
square 
inch. 


Pounds. 
38,595 


Compreesion  in 
parts  of  orig- 
inal length. 


.0068 
.0066 


38.595 

35,854 
Broke  in  applying  strain,  a  obne-aha|)ed  wedge 
at  the  top  of  the  piece  apparently  crashing  oat  the 
metal  on  all  sides  of  it. 


TABLE  CXXHL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  17 D.— Material :  Alloy.— Original  mixture:  41.74 Cu.  58.86  Sn.— Analysis :  38.83 Ca, 

60.79  Sn.— Dimensions:  Length,  8".    Diameter,  0.685". 


1,000 

0.004 

3,859 

.0080 

8,000 

0.030 

86,076 

.0150 

8.000 

0.009 

6,510 

.0045 

9.000 

0.033 

99,335 

.0165 

3.000 

0.015 

9.778 

.0075 

,  10.0C0 

a035 

39.595 

.0175 

4,000 

0.018 

13,038 

.(090 

11.000 

0.039 

35,854 

.0195 

5,000 

0.021 

16,297 

.0105 

18.000 

0.041 

39.114 

-.0»5 

6,000 

0.084 

19.557 

.018<l 

Broke  Just  as  stra 

in  was  applied.  Conical  wedge- 

7,000 

0.086 

88,816 

.0130 

shaped  fracture,  like  No.  16  B. 

TABLE  CXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  17B— Material :  Alloy.— Original  mixture :  41.74Ca,  58.86 Sn.— Anal vsis :  88.83  Cu. 

60.79  Sn.— Dimensions :  Length  V.    Diameter,  0.685". 


3,000 

0.004 

6,519 

.0080 

1 

8,000 

0.083 

86,076 

.0115 

3.000 

0.009 

9,778 

.0045 

9,000 

0.085 

89.335 

.0135 

4,000 

0.013 

13, 038 

.0065 

>  10,000 

0.088 

38,595 

.0140 

5,000 

a  017 

16.297 

.00.'»5 

11.000 

0.U31 

35,854 

.0155 

6.000 

0.019 

19.557 

.0095 

18,000 

0.034 

.19, 114 

.0170 

7,000 

a  021 

88,816 

.0105 

Broki 

1 

d  in  applying 

I  Strain.    Fracture  like  17  D. 

TABLE  CXXV.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  18  D.— Material :  Alloy.— Original  mixture:  39.3  Ca,  60.8  Sn.— Analysis :  38.37 Cu. 

6l.38Sn.— Dimensions:  Length,  8''.    Diameter,  0.625". 


1,000 

0.003 

3.259 

.0015 

8,00<l 

0.009 

6.519 

.0045 

3,000 

0.014 

9,778 

.0070 

4.000 

0.019 

1.1,038 

.0095 

.^OOO 

0.081 

16,897 

.0105 

6,000 

0.084 

19,557 

.0180 

7.000  0.087  83,816  .0135 

8.000  0.080  86,076  .0145 

9.000    89,335      

Broke  in  applying  strain,  pieces  heing  crushed 
off  upper  end. 


TABLE  CXXVI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  19  B.— Material :  Alloy.— Original  mixture :  34.05  Ca.  65.05  Sn.— Analysis ;  34il9  Ca, 

65.eo  Sn.— Dimensions :  Length,  8"'.    Diameter,  0.685". 


1.000 

aoo8 

3,519 

8,000 

0.006 

6,519 

3,000 

0.011 

9,778 

4,000 

0.016 

13, 038 

5.000 

0.020 

16,297 

6,000 

0.084 

19,557 

Strain  decreased  to — 


4,100 


0.044 


13,364 


.0010 
.0030 
.0055 
.0081) 
.0100 
.0120 

.0280 


4,850 
3,200 
8.300 
8,700 
Piece 


0. 051 
0.066 
0.096 
0.111 
holged  oat  in 


15,809 
10, 430 

7,497 

8.801 
the  middle. 


menced  at  6,000  pounds. 


.02.'» 
.0330 
.0480 
.0555 
Bulging  com* 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 
Mkchakical  Labobatokt,  Dbfabtmbnt  of  EifoiNKBBiNo,  Stbvkkb  Instttutb  of  Trchkoloot. 

TABLE  CXXVn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  SO  B.— Material:  Alloy.— Original  mixture :  38.7-2  Ca,  71.28 So.-^Aualyfds:  25.13  Cu, 

74.51  Sn.— DimensioDs :  Length,  3".    Diameter,  0.635"'. 


Load. 

Corapres- 
Bion. 

Poundt 

Inches, 

1,500 

0.004 

2.000 

0.010 

3.000 

0.018 

4.000 

0.033 

5,000 

0.039 

5,500 

0.034 

Strain  redaced  to— 


4,450 

0.063 

3,700 

0.077 

1,700 

0.088 

900 

0.136 

1.000 

0.168 

1.500 

0.194 

2,000 

0. 343 

3,500 

0.331 

3.000 

0.456 

Load  per 
nqaare 
inch. 


Pcunda, 

4,889 

6,519 

9,778 

13,038 

16,397 

17,927 

14,505 
8,801 
5,541 
3,934 
3,359 
4,889 
6,519 
8,149 
9,778 


Compreaeion  in 
parte  of  (irigi- 
nal  length. 


.0030 
.0050 
.0090 
.0115 
.0145 
.0170 

.0310 
.0385 
.0440 
.0680 
.0840 
.0970 
.1315 
.1655 
.2890 


Pounds. 
3,150 
3,000 


Comprea- 
sion. 


Inches. 
0.513 
a  561 


Load  i>er 
sqnare 
inch. 


Pounds. 

10,867 
9,778 


Compression  in 
parts  of  origi- 
nal length. 


.2560 
.2805 


Removed  piece. 

At  3,700  poands  (oompromion  0.077),  after  the 
piece  hitd  resisted  5.500  ponnds,  a  wedge-shaped 
piece  was  observed  to  be  cracked  off  at  the  upper 
corner,  bat  not  separated.  At  3,000  ponnds  (com- 
pression 0.343)  the  wedge-shaped  piece  was  crushed 
out  to  one  side  of  toe   compression   specimen. 

Soon  afterwards  a  second  wedge-shaped  piece 
was  crushed  off  from  the  opposite  upper  comer, 
aud  when  the  test  piece  was  removed,  after  a  com- 
pression of  0.561,  both  wedges  stUl  remained  at- 
tached to  it. 


TABLE  CXXVHL- ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  23  B.— Material:  Alloy.— Original  mixture :  31.18  Co,  78.83 Sn.— Analysis:  20.31  Cu , 

79.62  So.— Dimensions :  Length,  3".    Diameter.  0.635". 


750 

0.011 

3,445 

1,000 

0.UI5 

3,3.'» 

1,500 

0.018 

4,889 

2.000 

0.033 

6,519 

3.UO0 

0,0-26 

9.778 

4,000 

0.034 

13,038 

5.000 
Strain  d 

0.047 
ecrcaaed  to- 

16,397 

4.850 

0.068 

15,809 

4.800 

0.089 

IS,  646 

3,000 

0.101 

9,778 

3,300 

0.119 

10,  4.')0 

3,650 

0  137 

8,638 

2,150 

0.167 

7,008 

.0055 

3,500 

0.184 

8,149 

.0030 

.0075 

3.000 

0.338 

9,778 

.1190 

.0090 

3,300 

0.374 

10, 430 

.1370 

.0110 

1  a,  500 

0. 317 

8,149 

.1585 

.0130 

3,000 

a  416 

6,519 

.0380 

.0170 

1,300 

0.503 

3,911 

.3515 

.0335 

400 

0.581 

1,304 

.3905 

.0340 

Piece  slipped  out  from  between  the  pressure- 

.044i 

plates.    Bent  in  a  double  curve  with  a  crack  on 

.0505 

the  convex  ^ide  of  each  curve. 

.0595 

Double  curve  observed  at  5,000  pounds.    At  4,800 

.0685 

ponnds  (ctmipressloii  0.089)  the  resistance  ducreasecl 

.0835 

in  3  mi 

notes  to  3,30 

0. 

TABLE  CXXIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  33  A.— Material:  Alloy.— Original  mixture:  15.19  Cu.  84.81  Sn.— Analysis :  15.12 Co, 

84.58  Sn.- Dimensions :  L^^ngth.  2".    Diameter,  0.625". 


75'l 

0.008 

3.445 

.0040 

3,600 

0.793 

8,475 

.3965 

1.000 

0.  nl2 

3.3.')0 

.0060 

8.800 

0.914 

9,137 

.4570 

1.500 

0.915 

4,889 

.0075            i 

3.900 

1.037 

9,453 

.5135 

3.01K) 

0.030 

6.519 

.0150 

2,000 
In  5  mil 

(       0. 113 
\       0.360 
lutes  strain  < 

1       6. 519 
lecreased  to- 

C .  05H0 
:  .1300 

Removed  piece. 

At  3.000  pounds  (compression  O.llS)  the  piece 
was  sligh'ly  bulged  out  ^  inch  from  the  bottom. 

1,600 

0.338 

5,315 

.1690 

At  2,900  (compression  1.0i7)  the  wedge-shaped 

1,400 

0.417 

4,563 

.3085 

pieces  separated  from  the  remainder  of  the  speci- 

1,500 

0.500 

4,889 

.3.V»0 

men. 

1.700 

0.609 

5.541 

.31)45 

2,000 

0.706 

6,519 

.35:10 

TABLE  CXXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  24  B  —Material:  Alloy  .^Original  mixture:  11.84  On,  88 16  Sn.— Analysis:  11.48  Cu, 

88.50  Su.— Dimensions :  Length,  8".    Diameter,  0.685". 


500 

0.012 

1,630 

.0060 

Removed  piece. 

1,000 

0.030 

3.359 

.0100 

At  3.100  a  slight,  double  curve  was  observed. 

2,000 

o.o:» 

6.519 

.0160 

At  3,400  the  scale-beam  dropped  in  ttautly  if  the 

3,000 

0.059 

9,778 

.0395 

motion  uf  the  handle  was  stopped,  but  rose  on 

3,100 

0.139 

10. 104 

.0695 

starring  again. 

3,000 

0.174 

9,778 

.0870 

When  removed,  the  piece  was  slightly  bent  in 

3,400 

0.590 

11,083 

.3995 

a  double  curve  and  increased  In  diameter  to  about 

3.900 

a  857 

13,713 

.4385 

0.85  inch. 

4,300 

Looe 

14,016 

.5040 

• 
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RECORDS  OF  TESTS  BY  COMPRESSIVE  STRESS-<^ontiniied. 

Mkchanical  Lavoratort,  Department  of  Enoinsrriko,  Stbvkms  Ikstitutb  of  Tbchnoloot. 

TABLE  CXXXI.-ALLOY  OF  COPPER  AND  TIN. 


Ori^iQal  mark:  No.  35  A.—Marerial :  Allov.— Original  mixtare:  0.70  Ca,  90.30  So.— Analysis :  8.57  Co, 

91.39  Sn— Dimensions:  Length,  3".    Diameter,  0.G35". 


Load. 


150 

i.odo 

3,000 


Compres- 
sion. 


Inches. 
.0000 

.0009 

.1117 


Load  per 
Aqnare 
inch. 


Pounds. 


3,359 
6,519 


Compression  in 
parts  of  orig- 
inal length. 


0004 
0558 


Load. 


Pounds. 
3,000 


Compres* 
sion. 


Inches, 
Lifted  the 


Load  per 
square 
inch. 


Pounds, 
Deam. 


Compression  in 

fiarts  of  <aig- 
nal  length. 


Wedge-shaped  pieces  oracked  at  the  top  and  hot* 
torn  of  the  specimen,  hut  did  not  hreak  ofL 


TABLE  CXXXIL- ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  36  B —Material :  Alloy.— Original  mixtare:  4.39  Ca.  95.71  So.— Analysis:  3.73 Ca, 

96.31  Sn.— Dimensions:  Length,  3".    Diamet«r.  U.635". 


TABLE  CXXXIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  37  D.— Material:  Alloy.— Original  mixture:  1.11  Cn,  98.89  Sn.— Analysis.  0.74 Ca, 

99  02  Sn.— Diniousloiis:  Length,  8".    Diameter,  0.G35". 


150 

.0000 
.  0073 

3,000 
3,000 

.7364 

1 
6,519 

.3633 

1  OUO 

3,359 

.00i6 

TABLE  CXXXIV.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 38  C  —Material:  Allov.— Otiginal  mixtare:  0.557  Cn,  99.443  Sn.— Analysis:  0.33  Ca, 

99.46  Sn.— Dimensions:  Length,  3".    Diameter,  0.685". 


150 
1,000 
3,000 


3,000 


Lifted  the  beam. 


Cracked  through  the  middle,  bat  did  not  separate. 


TABLE  CXXXV.-CAST  TIN. 

Origipal  mark :  No.  39  C— Material :  Banca  tin,  cast  in  Iron  mold.— Dimensions :  Length,  2".    Diamete  r 

0.685". 


1.350 

0.003 

4,0T4 

.0015 

] 

8,300            0.899              7.497 

.4445 

l.i^OO 

0.U13 

4,889 

.OOtiO 

1, 7ft0 

0.043 

5,704 

.0315 

Removed  piece. 

1,850 

0.097 

6,030 

.04H5 

At  1,850  i>onn(l8  the  piece  was  observed  to  be 

1.900 

0.158 

6.19:{ 

.0790 

bulging  out  on  all  sides,  bat  still  remaining  verti- 

3,000 

0.365 

6. 519 

.1335 

cal.    At  the  oud  of  the  test  the  piece  had  a  slight 

8.  (00 

0.473 

6,519 

.3365 

bend  in  one  direction,  and  was  increased  in  diame- 

8.200 

0.618 

7,171 

.3060 

tor  to  0.85  and  0.89  inch  in  different  parts  of  the 

8,300 

0.72H 

7,497 

.3645 

length. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 


MBCHAincAL  Labosatoht,  Bepabtmbst  of  Enginrerino,  Stevens  Institute  op  Technology. 


TABLE  CXXXVL-CAST  COPPER. 

>erior  copper,  oa 
Wametcr,  0.625". 


Original  mark :  Ko. 30. — Material:  Lake  Soperior  copper,  oaut  in  iron  mold. — Dimenaions:  Length,  2" 

Di 


Load. 


Pounds. 

500 

1.000 

9.000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 


Compres- 
sion. 


Inehsa. 
0.003 
0.005 
0.008 
0.011 
0.014 
0.018 
0.021 
0.OQ6 
0.0:)5 
0.051 
0.080 
0.119 


Load   per 

Compression  in 

sqnare 

parts  of  orig- 

inch. 

inal  length. 

Pounds. 

1,630 

.  0015 

3,259 

.0025 

6,519 

.0040 

9.778 

.0055 

13, 0;J8 

.0070 

16,297 

.0090 

19,  557 
22,  816 
26,  076 
29.  335 
32,  595 
35,854 


n»..«»»<..      Load    per 
Corapres-        gq^are 

inch. 


sion. 


Compression  in 
parts  of  orig- 
inal length. 


.0105 
.  0130 
.  0175 
.0255 
.0400 
.0595 


Inches,     i  Ponndt. 

0. 162  39, 114 

0. 205  42. 373 

0.351  45,633 

0. 294  48.  892 

0.3:n  52,152 

0.  422  58,  671 

0.  510  6.>,  190 

0.  559  68,  449 

0. 642      !  71, 709 

Piece  removed  slightly  bent. 

Surface  wrinkled. 


Pounds. 
12,000 
13,000 
14, 000 
15,000 
16,  000 
16,000 
20,  000 
21,000 
22,  000 


.0810 
.1025 
.12.55 
.1470 
.1685 
.2110 
.2550 
.2795 
.3210 


H.  Ex.  98- 


-28 
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TESTS  BY  TORSIONAL  STRESS. 

Mechanical  Lahoratoby,  Defabthknt  op  £noineerin'g.  Stevens  Ikstitutb  of  Technology. 
TABLE  CXXX VII.— COPPER  AND  TIN  ALLOYS-lUT  SERIES. 

RESULTS  OF  TESTS.   CALCUT.ATED  FROM  THE  AUTOGRAPHIC  STRAIN  DIAGRAM. 


■ 

s 

Q 

• 

« 
a 

BO 

B 

St: 

2 

to 

? 

t 

i- 

§*s 

i«c 

No. 

o 

o 

o 
E 

i 

Si 

CJ3 
ee  2 

CS   SB 

c  « 

G 
1 

Kemarks. 

^ 

■^ 

a 

»^* 

•c  rn 

X3  4) 

0^ 

£ 

1 

e3 

o 

S^H 

< 
Sq.in. 

< 

s 

o 

Iru. 

Ftm. 

H 
FLlbs. 

a 

as 

Ft.  IbM. 

Deu. 

Ins. 

1  A. 

1.15 

49.0 

0.40 

0.17 

57.83 

30.82 

0.0351 

32.  85 

IC 

0.^16 

26.5 

0.45 

0.20 

63.70 

34.34 

0.0104 

22.64 

ID. 

1.90  ' 

46.0 

0.55 

0.20 

75.46 

34.34 

0. 0310 

47.60 

2  A 

25.70 

^m.Q 

1.08 

0.25 

137.  .10 

40.22 

0.8990 

.582. 78 

SB  . 

24. 30 

339.0 

1.30 

0.20 

163.  53 

34.34 

1.1021 

.562. 2.3 

2C  . 

11.65 

177.0 

0.80 

0.20 

104.81 

34.34 

0.  3890 

272. 28 

Defective;  several  blowholes. 

SD 

10.09  ; 

169.0 

0.75 

0.30 

99.04 

46.09 

0.  3(i00 

238.80 

Defective ;  several  blotrholee. 

3  A. 

42.25  ; 

373.0 

1.45 

0.30 

IHI.  15 

46.09 

1.2669 

936.  .56 

3B 

13.70  , 

1()8.5 

1.00 

0.38 

128.30 

5.5.50 

0.  3581 

312.  C9 

3C  . 

29.50 

2e6.0 

1.25 

0.40 

157. 66 

57.  aj 

0.  8.V29 

658.  77 

3D 

22.50 

162.0 

1.29 

0.35 

160.  60 

52.56 

0.  3344 

491.82 

4  A 

17.74 

166.0 

1.40 

0.35 

175.28 

51.96 

0. 3490 

.395.03 

4B 

^     13.22 

136.0 

1.40 

0.  35 

17.5.  28 

.51.96 

0. 2451 

296. 70 

4C 

8.10 

10  0 

1.10 

0.53 

140.04 

71.94 

0.  1140 

183.  05 

4D 

10.40 

110.5 

1.  Id 

0.50 

149.  45 

69.58 

0. 1676 

234. 08 

5  A  . 

12.70 

122.5 

1.40 

0.40 

175.28 

.57.83 

0.2026 

283.  49 

5B 

0.95 

.39.0 

0..38 

0.20 

55.  48 

34.  34 

0.  0224 

26.  85 

Defective ;  large  cavity. 

5C 

11.98 

106.5 

1.40 

0.65 

175.  28 

87.20 

0. 1.564 

26.5.  70 

5D. 

5.10  1 

6r^.O 

.0.95 

0.40 

122.  43 

57.83 

0.0666 

117.40 

Defective;  several  blowholes. 

6A 

6.36 

69.5 

1.15 

0.50 

145.92 

60.58 

0.  06!)4 

143.  51 

Defective  throagh  liqaation. 

6B 

11.45 

loao 

1.46 

0.60 

182.  32 

81.32 

0.1391 

253.61 

6C 

7.95 

87.0 

1.14 

0.45 

144.74 

63.69 

0.  10R8 

179.41 

Defective  through  liqnation. 

6D. 

5.82 

61.0 

1.05  ; 

0.55 

134. 17 

75.45 

0. 0539 

130.83 

Defective  through  liquation. 

7  A 

1.45 

14.0 

1.38 

1.25 

172.93 

157. 66 

0.0029 

32.  37 

7B 

0.30 

5.0 

1.78 

0.78 

102.  46 

102.46 

0.0004 

7.10 

Defective;  largi 

5  cavity. 

7(' 

1.89 

21.8 

1.65 

0.70 

204.64 

93.07 

0.  0(165 

42.  85 

7D. 

1.42 

13.0 

1 

1.55 

1 

0.80 

192.89 

104.  81 

0.0025 

31.56 

1 

Diameter. 

Equivalent 
maximum  tor- 
siuDAlmomeDt 

8  A 

0.07 

3.0 

0.90 

0.90 

116.35 

116.55 

0.0013 

2.00 

of  piece  j  inch 

eB 

0.22 

4.0 

1.02  , 

1.02 

130.65 

130.  65 

0.  ()(h  4 

.5. 27 

diameter. 

p  <; 

0.16 
0.15 

3.0 
3.5 

1.05 
0.82 

1. 05 
0.82 

134. 17 
107.16 

134. 17 
107. 16 

0.  0013 
0.0019 

3.  H5 
3.74 

tiD 

Inchea. 

9D 

0.08 

1.5 

1.50 

1 

1.50 

64.90 

64.90 

0.0008 

0.63 

0.910 

17.58 

11  A 

0.12 

0.75 

3.40 

3.40 

58.51 

58.51 

0.0002 

0.36 

0.955 

16.44 

13  A 

0.08 

1.0 

1.20 

1.20 

21.10 

21. 10 

0.0003 

0.25 

0.900 

7.06 

13  C  . 

0.10 

1.0 

1.45 

1.45 

32.41 

32.41 

0.0003 

0.41 

0.960 

8.94 

14  D 

0.06 

1.0 

2.80 

2.80 

48.31 

48.31 

0.0003 

0.19 

0.955 

13.54 

1.5  B 

0,09 

1.0 

3.70 

3.70 

63.62 

6.3.62 

0.0003 

0.28 

0.965 

17. 2'' 

15  D 

0.09 

1.0 

2.45 

2.45 

42.35 

42.35 

0.0003 

0.28 

0.940 

12-45 

16  A 

0.07 

1.0 

1.30 

1.W 

56.47 

56.47 

0.0003 

0.54 

0.  945 

16.34 

16  B 

0.09 

0.5 

2.15 

2.15 

102.  30 

102.30 

0.  04)01 

0.68 

0.945 

29.60 

16  C 

0.12 

1.25 

4.00 

4.00 

68.  72 

68.72 

0.0004 

0.37 

0.890 

23.1-0 

17  A 

0.05 

2.0 

1.4.5 

1.45 

62.79 

62.79 

0.0013 

0.43 

0.940 

18.46 

17  C 

0.12 

1.2 

2.20 

2.20 

94.41 

94.41 

0.  0004 

0.92 

0.922 

29.41 

17  D 

0.10 

1.75 

1.65 

1.65 

36.45 

36.45 

0.  0004 

0.45 

0.625 

36.45 

le  A 

0.05 

1.0 

1.05 

1.05 

4.5. 93 

45.93 

0.0003 

0.40 

0.895 

15.64 

18  C 

0.  10 

2.5 

1.20 

1.20 

27.37 

27.37 

0.0009 

0.49 

JeD. 

0.08 

1.6 

1.20 

1.20 

27.37 

87.37 

0.0004 

0.37 
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1 

lESl 

'8  Bl' 

TORS 

JONAI 

.  STRI 

i:ss— Ct 

intimied. 

No. 

Area  of  diagram. 

a 

S 

t 

o 

O 
O 

imum  ordinate. 

uate  at  elaatic 
limit. 

■3 
§ 

1- 

as 

ionnl  moment  at 
elastic  limit. 

tility.  ext«rsion 
exterior  fiber. 

t 

• 

s 

1  ■ 

Remarks. 

< 

H 
>1 

O 

M 

Ft.U>H. 

5" 

• 
Ft  lbs.  ' 

Sq.  in. 

Z>0</. 

ln». 

/iw. 

Ft.  lbs. 

19  A 

0.02 

I.l 

0.33 

0.33 

9  83 

9.83 

0.  OOOOi 

0.13 

19  B  . 

0.  14 

2.75 

1  ^ 

1.28 

21>.00 

2<).00 

0.00010 

0.64 

19  D. 

0.02 

1.75 

0.38 

0.38 

10.84 

ia84 

a  00004 

0.17  1 

20A. 

0.01 

0.5 

0.38 

0.38 

10.84 

10.84 

0.00001 

0.63  ' 

Larfce crystalline,  weakest:  fine  * 
frrannlar,  stron^^est. 

20B 

0.30 

4.5 

1.60 

1.60 

35. 44 

35.44 

0.  00030 

1.30  . 

Blowhole  in  center. 

SOC 

0.20 

2.6 

1.10 

1.10 

2.5.  35 

23.35 

0.00009 

0.K5  ' 

^ 

SOD 

ao4 

1.75 

0.45 

0.45 

12.24 

12.24 

O.0OOC4 

0.24 

w 

81  A 

0.57 

4.5 

1.90 

1.86 

41.50 

40.63 

0.00030 

2.25 

22  A 

1.43 

5.5 

1.15 

1.15 

26.36 

26.36 

0.0005 

1.82  ; 

S3  B 

1.26 

l.U 

1.50 

1.20 

3:).  43 

27.37 

0.0015 

4.99 

22  (; 

0.20 

4.0 

0.82 

0.80 

19.70 

19.30 

0.0002 

0.92 

32  D 

a  10 

3.25 

0.45 

0.45 

12.24 

12. 24 

0.00015 

0.53 

23  A 

2.78 

26.5 

1.15 

0.83 

26.36 

19.91 

0.0103 

11.24 

83  C 

1.64 

22.0 

0.H5 

0.60 

20.31 

15.26 

0.  0072 

6.  98 

23  D 

2.13 

26.0 

0.92 

0.65 

21.72 

16.31 

o.eioo 

8.93 

24  A 

1.2S 

'       16.5 

0.00 

a63 

21.  .32 

15.90 

0.0040 

."i.4l 

24  B 

8.13 

79.5 

1.U8 

0.60 

24.  95 

IX  .30 

0.0899 

32.  W  ' 

24  C 

9.8ri 

109.0 

1.  10 

0.55 

25.35 

14.26 

0. 16:14 

40.77 

24  D 

3.50 

42.0 

0.90 

0.60 

21.  33 

15.26 

0.0259 

14.63 

85  A 

11. 3S 

'     153.0 

0.90 

0.50 

21.32 

13.25 

0.3024 

4a  47 

25  B 

10.  95 

102.5 

\.'Mi 

0.70 

29.  39 

17. 28 

0.1456 

44.18 

25  C 

9.30 

12:i5 

0.85 

0.45 

20.  31 

12.24 

0.2057 

39.53  , 

25  D 

9.96 

148.  U 

0.88 

0.60 

20.91 

15. 26 

0.2851 

43.30 

• 

86  A 

7.45 

,     117.0 

0.70 

0.40 

17.28 

11.23 

0  1863 

32.66 

Blowhole  in  center ;  defective. 

26  B 

18.  05 

251.0 

0.60 

0.45 

19. 30 

12.  24 

0.695:J 

77.34  * 

26  C 

13.18 

213. 0 

0.70 

0.33 

17.28 

9.84 

0.  5328 

58.11 

Blowhole  in  center;  defective. 

86  V 

IH.  lO 

190.0 

1 

1.15 

0.40 

26.36 

11.23 

0.  4401 

75.22 

87  A 

14.38 

277.0 

0.68 

0.18 

16.78 

6.91 

0.8118 

65.  85 

Blowhole  in  center :  defective. 

27  B 

20.75 

362.5 

0.70 

0.30 

17. 28 

9.21 

1.2156 

92.  98 

27  C 

18.50 

,     412.5 

0.80 

0.22 

19.30 

7.19 

1.4020 

1     87.81 

27  D 

15.86 

1     334.5 

0.55 

0.22 

14. 26 

7.19 

1.0804 

,     74. 22 

Blowhole  in  center;  defective. 

8d  A 

1.14 

I    259.0 

0.10 

0.00 

5.17 

0.00 

0.7308 

72.39  ■ 

(Defective  test)  Diapram  incor- 

28 B 

34.25 

610.0 

0.6S 

0.15 

16.78 

6.30 

2.4741 

154. 11 

rect.    Tested  with  100  pouodH 

28  C 

26.30 

504.0 

0.70 

0.20 

17.3r5 

7.19 

1.  9200 

120.30 

upon  arm. 

2d  D 

21.73 

492.0 

0.60 

0.20 

15.26 

7.19 

1. 8637 

1  103.55 

29  A 

2\  10 

591. 0 

0.55 

0.15 

14.26 

6.18 

2.  37:>0 

120.  86 

29  B 

iil.  16 

.    Slf.O 

0..%5 

0.12 

14. 26 

5.58 

1.  98<»:< 

102.  86 

29  C 

VJ1.95 

524.  0 

0.50 

0.15 

13.25 

6.18 

2.  0278 

106. 08 

29  D 

16  82 

596.0 

0.30 

a  10 

9.21 

5.17 

2.4010 

'     91.99 

30  A 

10  72 

105.0 

1.29 

'  0.50 

127.49 

,    54.41 

0. 1524 

195. 89 

30  B 

J  8. 23 

l.'W.O 

1.40 

0.40 

145.  13 

-   44.32 

0.  3201 

331.69 

30  C 

21.27 

177.0 

1.40 

0.50 

1  145.13 

54.41 

0. 3900 

.386.  49 

30  D 

20.20 

172.0 

j 

1.50 

0.45 

1 

155. 21 

49. 36 

0  3712 

367.32 

Note. — In  making;  np  the  averages  of  results  given  in  the  table  on  pages  330,378,  the  pieces  roarkfil 
defective  in  the  at)ove  table  are  rejected. 

Bars  N'».  1  to  No  8.  iucliisive,  aod  No.  30.  were  tested  with  100-poiind  weight  on  arm  of  toi«ion  ma- 
chine. Nos.  9  D,  16  A,  16  B,  17  A.  17  C,  and  18  A  were  tested  with  30.poaud  weight,  and  the  remaindei- 
without  miy  wdghton  arm. 

The  pU'>c*iH  were  all  0.625  inch  diameter  except  Nos.  9  D  to  18  A.  inclusive.  The  diameters  of  these 
are  given  in  the  colnmii  headel  ''Remarks."  Tho  lorni  >nul  raoiueiit  of  the  piece  is  given  iu  the  tMble. 
aod  in  the  column  of  "  Remarks"  is  given  the  equivalent  torsioual  moment  of  a  piece  of  standard  size, 
wbirh  IS  f<>un<t  by  dividing  the  moment  as  fouud  from  the  diagram  b^*  the  ratio  of  the  cube  of  the  di- 
ameter of  the  piece  to  the  cube  of  0.f2 » inch,  th  ^  torsional  strength  varying  as  the  cube  of  the  diameter. 
The  resilience  of  the  pioct^  is  the  resilience  of  the  pi^-ce  an  tested,  and  not  that  of  a  specimen  of  stand- 
ard size.  The  latter  cannot  be  given,  as  at  present  the  relation  of  the  torsional  resilMsuce  to  diameter 
is  unknown. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 

^Second  series.'] 
Mecuaxical  Labokatoky,  Department  of  Enoixeerixo,  Stevexs  Isstitute  of  Techxologt. 

TABLE  CXXXVIII —ALLOY  OF  COPPER  AND  TIN. 

()  i^inal  mark:   No.  31 — Material:    Allov.— Original  mixture:  97.A  Cn. 2.5Sa. — Dimensioiia:  Lcogth 

between  aupporta,  I  —  22".    Breadth,  6  =  0.956".    Depth,  d  —  0.977". 


Load. 

Deflection. 

Potnvda. 

Inches. 

10 

O.OllO 

20 

0.  0145 

40 

0.  0-207 

80 

0.  0321 

I'JO 

0. 0433 

160 

0. 0552 

200 

0.0674 

3 

240 

0.  0f<22 

280 

0.09H2 

3i0 

0. 11>»8 

360 

0.1568 

Original 

mark:  No. 

bet 

Set. 


Inches. 


Modoliis  of 

elasticitY. 

_         PP_ 

*^"-4  AM* 


0.0109 


5. 769,  739 
7,441.347 
8,  274,  H43 
8.  6.'>4, 601 
8,  860. 059 


8,717.780 
8.513.596 
8,  042, 667 
6,  855, 244 


Resistance  decreaaea  slowly. 

On  pnttin/;  on  3*^  poands,  a  crack  was  found  od 
the  nnder  side  of  bar.  The  resistanre  decreued 
aa  tlie  deflection  was  increased,  till  the  bar  broke. 

Breaking  load,  360  pounds. 

3  PI 

Modulus  of  rupture^  R  =  ^"Tjt  =  13.014. 

The  fracture  was  full  of  blowholefi,  aod  was 
partly  oxidized,  showing  that  the  crack  vraa  an 
old  one. 

(Bar  defective,  teat  worthless.) 


TABLE  CXXXIX.— ALLOY  OF  COPPER  AND  TIN. 

32.— Material :  Alloy.— Original  mixture:  92.5  Cn,  7.5  Sn. — DimeDBionS:  Length 
between  supporls  I  =  22".    Breadth,  b  —  0.956".     Depth,  d  =  0.982'. 


Load.  I  I>eflectioii. 

Ok 


Set. 


Pounds. 

10 

20 

40 

80 

120 

160 

200 

3 

240 

2t*0 

320 

360 

400 

3 

440 

480 

520 

560 

600 

3 

600 


Inches. 
0.0060 
0.0104 
0. 0185 
0.  0278 
0.  0376 
0.  0472 
0.  U572 

"6.0668' 
0.  07(59 
0. 08f  0 
0. 09H3 
0.1105 

"6."  1232' 
0. 1389 
0.  15,35 
0.1719 
0. 1963 


Inches, 


0.0033 


0.  0145 
I  Beam  sinks. 


0. 0577 


Modulus  of 
elasticity. 
PP 

^—  4Abd^ 


6, 357,  759 
8,  461, 765 
9, 384,  459 
9, 967.  673 
10,281,341 


0.2063     

Resistance  decreaiied  in  2"*  to  586 
Resistance  decreased  in  l**  48">  to 


10, 564, 538 
10, 7tW,  .'iOO 
10.  692,  594 
I0.768.73S 
10,644.211 

16,501,656' 

10,161,429 

9,  961.  177 

9, 579,  171 

8,  987, 663 


pounds. 
562  pounds. 


Load. 


Pounds. 

3 

600 

640 

680 

720 

760 

800 

3 

800 

840 

880 

920 

960 

1.000 

1,040 

1,080 

3 


Deflection. 

A 

Set. 

Modulus  of 
elasticity. 
_         PP 
*-4A&d» 

Inches. 

Inches. 
0.0655 

0.2095 

0.2365 

7,  »57, 981 

0.2867 

0.3.')  11 

6,030,003 

0.4609 

0. 6031 

'6.*4ii3" 

3.900,466 

0.6202 

0.  7792 

1.  0427 

1. 3217 

1.74 

2.13 

1,380,404 

2.63 

3.78 

840. 133 

3.40 

Bar  bQnt  to  a  deflection  of  8"  without  breaking. 
Breaking  load  (or  the  load  causing  deflection  of 
3i")  1,080  pounds. 

3Pl 
Modnlna  of  rapture,  R  =  oXm  =  ^659. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

\_Second  series,  ] 

MECHAXICA.L  Laboratory,  Department  of  Enoineerinq,  Stevexs  Lnstitute  of  Tecuxoloot. 

TABLE  CXL.-ALLO'P  OF  COPPER  AND  TIN. 

Original  mark:  No. 33.— Material:  Alloy.— Oripnnl  raixtnre:  87.5  Cn,  12.5  Sn  — Dimousious :  Length 

between  sapports,  2'<!'^    Breadth,  0.973".    Dep'h,  0.977". 


Load. 


PoufuU. 

10 

20 

40 

80 

120 

160 

200 

3 

940 

5280 

320 

360 

400 

3 

440 

480 

520 

560 

600 

3 

640 

680 

720 

760 

800 

3 

840 

880 

920 

960 


Deflection. 
A 


Set. 


Modulus  of 
elaaticiiy. 
Pn 


Inches. 
0.0042 
0.0075 
0.0125 
0.0^236 
0. 03:<2 
0.0409 
0.0508 

"6.0606 
0. 0701 
0.  0793 
0.0890 
0. 0980 


0. 1071 
0.1168 
0.1255 
0.  1355 
0.1461 


Inehea. 


0.0049 


Load. 


Deflection. 


I 


9.387. 

9, 969. 
10, 603, 
11.478, 
11,549. 


7.')2 
J=«73 
633 
087 
891 


Inchen. 
0.3245 


0. 0036(?) 


0.1568 
0. 1678 
0.1800 
0.1933 
0. 2U74 


0.2269 
0. 2475 
0.2716 
0.2964 


0.0112 


11,618. 

11.717. 
ll,83t<, 

11.  869. 

11, 974, 


503 
949 
275 
273 
171 


12,  052,  435 


12, 155,  454 
12, 127.  844 
12, 047,  936 


!  11,88^,540 

Beam  sinks  slowly. 


0. 0284 


0.3611 
0.3950 
0.4493 
0. 5122 
0.5727 

0.5f!92' 
0.  6475 
0.  7485 
0.8111 
0.  .'<70l 

0.  9892 
1. 1419 

1.  3032 
1. 487ri 
1.6700 

1. 8r)00 

2.1000 
2.4500 
3.1000 
3.5(00 


Set. 


Itxehes. 

'  o.ooio 


Modnlus  of 
elasticity. 
_PiP_ 
^-4A6d» 


8,002,946 


0.2827 


6. 147, 034 


11,315,997 


9, 937,  :m 


Poundt. ' 
1,000 

3 
1,040 
1,080 
1,120 
1,160 
1,200 

3 
1,200 
1,240 
1,280 
1.300 
1.  320 
1,360 
1,400 
1.440 
1,480 
1,520 
1,560 
1,600 
1,640 
1,680 
1,700 

3 
1,700 
Bar  broke  after  a  deflection  of  about  4". 
Breaking  load  1,700  pounds. 

3  PI 
Modulus  of  rupture,  K  =  5~h^  =  60,403  pounds. 


3,  596, 760 


2, 235, 179 


2.81 


1,424,927 


TABLE  CXLL-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 34. — Material:  Alloy — Original  raixtnre:  82  5  Cu,  17.5  Sn. — Dimensions 

between  supporis,  62".     Breadth,  0.950".    Depth.  0.970". 


Leogth 


10 

0.0060 

20 

0.0080 

40 

0.0135 

80 

0.0227 

120 

0.0316 

160 

0.  0405 

200 

0. 0481 

10 

240 

0.  0560 

280 

0.0646 

320 

0.0729 

360 

0.0804 

400 

0.0881 

10 

440 

0. 0940 

480 

0.1027 

520 

0.1099 

560 

0.1174 

600 

0.1265 

10 

640 

0.  1340 

680 

0.1409 

720 

0.1473 

760 

0. 1549 

800 

0.1631 

10 

■•••■•   ..... 

800 

0. 1618 

0.0035 


9,  <196, 944 
10.  8i0,  152 
11.659.056 
12, 129. 260 
12,  765,  982 


0.0035 


13.1.'W,079 
13.307,417 
13. 476. 957 
13,  747. 250 
13,  939, 699 


0.0028 


14,371,235. 
14.349,611 
14,  .V2H,  967 
14,  644.  99.3 
14,  562, 305 


I 


14,  66.3.  731 
14, 817,  23.". 
1.5.  007.  180 
15, 063,  694 

15,  059,  318 


0.0051     I 

0.1618      . 

Resmtance  decreased  in  lO**  45"  to  788  pounds. 
10      0. 0047 


1,000 
10 
,040 
,Ort) 
,  120 
.160 
.200 
,240 
.280 
,320 
.360 
,400 
10 
,440 
.460 
.."iSO 
,560 
,600 
10 
,640 
,680 
,TM 
,760 
,800 
,840 


0.2060 

0.2157 
0.  2264 
0. 2377 
0.  2472 
0.2614 
0.  2728 
0. 2H52 
0.3003 
0.  3175 
0.3330 

""  '6.3495' 
0. 3693 
O.Sj^SO 
0.  4170 
0.  4393 

""6.'4.'i75 
0.  4825 

14, 903. 838 

0.0098 

14,  802,  137 

14,  466,  320 

13, 495, 466 

1 

0. 0436 

...  ........ 

"*"i2,655.389  "" 

'  0.0935 

0. 
0. 
0. 
0. 


5247 
5464 
57.57 
6125 


10, 064. 370 

'9,223,187' 


840 
880 
920 
960 


0.1702 
0.1790 
0.1873 
a  1959 


15,  l^%  064 
15,093.  rt  15 
15, 080. 625 
15,045,481 


Broke  suddenly  with  a  ringinz  sound  about  30 
seconds  after  putting  on  the  btrain,  and  Just  after 
readinfE  the  deflection. 

Breaking  load,  1.t^40  pounds. 

3    PI 
Modulus  of  rapture,  R  =  j  v^  =  67,930. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continned. 

[Second  series,"] 

Mechaxical  Laboratory.  Departmknt  of  Enginessing,  Stbvenb  Institute  op  Technology. 

TABLE  CXLn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 35.— Material :  Alloy.— Original  miztnrfi :  77.5  On, 22  5  Sa.— DimeDaions:  Leugtli 

between  supporu,  22".    Breadth,  0.065".    Depth,  0.968". 


Load. 

Deflection. 
A 

Set. 

Modnlnq  of 
elaaticitv. 

E         ^'^ 

Pounds. 
10 

IncJ^es. 
0. 0i>:i2 
0.0055 
0.0095 
0.0  lr« 
0.  0276 
0. 0.<5H 
0. 04:)6 

"o.'osig* 

0.0601 
0.  0H«9 
0.0766 
0.0852 

'  "6.0932' 

Inches. 

20 

40 

12,  805.  342 

80 

13, 510,  751 
13, 222,  9i)5 
13. 5"2,  -263 

13. 950,  ns 

"  "14,663,' 667"'" 
14,  168,971 
14.  092.  421 

12t) 

IrtO 
200 
3 
240 
280 

""6.0035"' 

320 

360 

400 

3 

"6.0635"' 

14,  293,  167 
14, 27ri,  257 

440 

14, 357,  924 

Load. 

Deflection. 

1 

Pounds. 

Inches. 

480 

0.0994 

52U 

0.1059 

560 

0. 1145 

600 

0. 1229 

3 

640 

0.1308 

680 

0.1385 

720 

0.1458 

760 

0.  1528 

bOO 

0.  16(16 

3 

840 

Broke  in 

Brea 

dne  load.  82( 

Set. 


Modnlas  of 
elaaticitv. 

£  = 


icbifl 


Inches. 


0.0038 


a  0045 


14. 686, 206 
14,967.943 
14,  874, 325 
14,  847,  529 

i4,"A'»6.  829" 
14.931,8:>9 
15,018,612 
1.5, 126.  728 
15, 149,  535 


3    PI 


Modnlas  ofraptnre,  R=  —      1=29,9516 


TABLE  CXLIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   No.  36. — Materifil :  Alloy  (second  cai'tine;.  -Original  mixture:    72.5  Cu,37.5  Sn.— Di- 
mensions :  Length  b*jtwe«n  supports,  22".    Breadth,  0.998".    Depth,  1.004". 


10 

0. 0013 

20 

0. 0036 

40 

0.0077 

80 

0.  0143 

120 

0.0208 

160 

0.  ('276 

200 

0.0329 

4 

^ 

200 

0.0330 

220 

0.0358 

0. 0013 


13,691,334 
14,744,515 
15, 205, 280 
15, 278,  T36 
16.  021,  775 


16, 196,  313 


240 
260 
2r<0 
290 
300 


0.0386      16,387,041 

0.0422       16,2.%,  179 

0.0453    ' I  16,290.571 

0.0475    i   I  16,090,922 

Broke  in  applying  strain. 


Breaking  load,  890  pounds. 

3    PI 

Modulus  of  rupture,  R  = ' — . 

2  bd* 


—  9,5ia 


TABLE  CXLIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 37.— Material :  Allov. — Original  mixtuie:  67.5  Gn, 32.5  Sn. — Dimensions:  Length, 

between  supports,  22".    Breadth,  0.965"-    Depth,  0.987". 


10 

0.0068 

20 

0.0097 

:w 

0.0116 

40 

0.  013:) 

60 

0.0161 

80 

0.0199 

100 

0. 0239 

120 

0.0280 

140 

0.0313 

160 

0.0341 

180 

0.0375 

8,  628,  .148 
10, 691,  894 
11.5:a.H36 
12,  473,  879 
12, 295,  678 

12,  Ki2,  669 
13. 461, 545 

13.  771. 159 


200 

5 

220 

240 

2n0 

%  270 

380 


0.0403 


0.0032 
0.  0435 
0.04f>6 
0. 1-501 
0.0520 
Broke  in  applying  strain. 


14, 238, 174 


14, 509. 843 
14,  775, 922 
14,  888. 97,«» 
14,  896,  691 


Breaking  load,  370'pound8. 

Modulus  of  rupture,  R  =  ^J^^  =  9.477. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

ISecond  series,'] 
Mechanical  Labokatoby.  Dkpartmbnt  of  Enoinbbbino,  Stevens  Imstttute  of  Techx  \  ogt. 

TABLE  CXLV._A.LLOr  OF  COPPER  AND  TIK. 

Ori^nal  mark:  No.  38  (E—F).— Material :    Alloy.— Original  mixture:  62.5  Cu,  37.5  Sn.— Dimenai  't- 
Length  between  supports,  9".    Breadth,  0.985".    Depth,  0.995".    Middle  portion  of  original  bar. 


Load. 


Powfidt. 

12 

48 

SO 

100 

120 

140 

0 

140 

160 

180 

SCO 

290 


Deflection. 


Set. 


Inches. 


Modulus  of 
elasticity. 

4  a  bd* 


Inches. 
0. 0035 
0.U065 
0. 0125 

0.0135    i 

0.0145    ; 

0.0155       

0.0035 

0.0155 
0.0165 

0  ons 

0.0185        

Broke  in  applying  strain. 


1. 213, 662 
1,391,334 
1,696,517" 


Breaking  load  210  pounds. 

3    Pi 
Modulus  of  rupture,  R  =  ^  "^j  =  2.907. 

The  irregularity  of  the  first  three  deflections 
given  above  was  caused  by  the  bar  not  resiiug 
evenly  on  the  s  ipports.  It  was  slighily  warped 
and  at  the  beginning  of  the  teat  only  the  corners 
touchetl  the  support^.  The  corudrs  appe'ired  to 
be  crushed  at  the  lower  pressures  below  e'O 
pounds. 


1, 623, 297 
1. 954. 287 
2,  030,  581 


TABLE  CXLVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  39  (B—E).— Material:  Alloy.— Original  mixture:  57.5  Cu,  42.5  Sii.— Dimensions : 
Length  between  supports,  17".    Breadth,  I".    Depth,  0.985".    Lower  portion  of  origioal  bar. 


Losd. 

Deflection 

Set. 

Modulus  of 
elasticity. 

Pvtmdt. 
22 

hvches. 
0.0012 
0.0085 
0.  0105 
0. 0132 
0.0150 
0.0180 
0.0210 

Indies. 

42 

62 

6,350.411 
7, 588, 929 

7.  983, 956 
8, 739.  548 

8,  710.  948 

82 

102 

122 

142 

8,  690,  546 

Broke  about  20  seconds  after  applying  strain. 
Breukiug  load,  112  pounds. 

Modulus  of  rupture,  R  =  o"  Kwa  =  3,732. 


TABLE  CXL VII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  40  ( A— £).— Material :  Alloy.— Oriarinal  mixture:  52.5  Cu,  47  5  Sn.— Dimensions 
Length  between  supports,  9".    Breadth,  1.015".    Depth,  1".    Upper  portion  of  original  bar. 


Load. 


Deflection 


I 

Pwtnds: 

21 

41 

61 

81 
101 
121 
141 
161 


Set 


Inches. 


Inehet. 
0.0020 

o.oan 
o.oa'jo 

0.0055 
0.0065 
0.0071 
0.0080 
Broke  in  applying  strain. 


Modulus  of 
elasticity. 


1, 989,  682 
2,  190,  591 
2, 644,  380 
2, 790,  034 
3, 060, 051 
3, 164,  686 


Breaking  load,  150  pounds. 

•     3   PI 
Modulus  of  rupture,  R=  '^~^  =1,995. 
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RECOKD  OF  TESTS  BY  TRANSVERSE  STRESS— Contiuued. 

[/Second  8eriea.'\ 

Mechanical  Labobatouy,  Departhknt  of  Enoinbrrinq,  Stevens  Institutr  of  Techhologt. 

TABLE  CXLVIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  !No.  41  (A— F).— Material:  Alloy. — Original  mixtare:  47.5  Cu,  52.5  Sd.— Dimensions: 
Length  between  supports,  15".    Breadth,  0.9^2".    Depth,  0.9&y'.    Upper  portion  of  original  bar. 


Load. 


Pounds. 

10 

20 

40 

60 

80 

100 

ISO 

140 

16U 


Dedeotion. 


Inches. 
0.0018 
0.0030 
0.0047 
0.0036 
0.  0075 
0. 009H 
0.0115 
0.0134 
0.0151 


Set. 


Inches. 


Modulus  of 
elasticity. 
_       PI* 

^-4  A  bd* 


7, 930,  902 

8,  875,  059 
9. 940,  064 

9,  n08,  991 
9,  723, 976 
9,  736.  077 
9, 874, 239 


Load. 


Pounds. 
180 
200 
4 
220 
240 


I 


Deflection. 


Inches. 
0.0167 
0.0180 


Set. 


Inches. 


0.0022 


Modulus  of 
elasticity. 
_        PP 
^—4  aM» 


10. 044, 2S5 
10,354.234 


0.0186      11,022.256 

Broke  in  applying  strain. 


Breaking  load,  2S0  pounds. 

3   PI 
Modulus  of  rupture,  R  s>  -r-  .^  =5,601. 


TABLE  CXLIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   No.  42  (A— F).— Material:  Alloy.— Original  mixture:  42.5  Cn,  57.5  Sn.— Dimensions: 

Length  between  supports,  18".    Breadth,  0.995".    Depth,  0.995". 


22 

0.0033 

42 

0.0060 

H2 

0.  0124 

10  a 

0.0158 

lQ-2 

0.0188 

142 

O.OilS 

16-2 

0. 0.'49 

ls2 

0.0285 

10,412,693 
9,  836.  878 
9,  603, 028 
9,6.1.3,  107 
9,  8^24,  600 
9,  677.  893 
9,  499,  300 


202  0.0319    1 9,419.455 

222  0.0357    9,250.174 

227       Broke  in  applying  strain  5  inches  fh>m  A 

end. 
Breaking  load,  222  pounds. 

3  PI 
Modulus  of  rupture,  R  =»  o  kaI  =■  6,084. 


TABLE  CL— ALLOY  OF  COPPER  AND  TIN. 

Original   mark:    No.  42  (F — C).- Material:  Alloy.— Piece  remaining  after  previous  test,  13  inches 

long. — Dimensions:  Length  between  supports,  12". 


22 

0.0022 

42 

0,  0043 

82 

0.0091 

122 

0.  0132 

162 

0.  0164 

202 

0.0202 

242 

0  0220 

282 

U.  0264 

4,  304,  986 

3,  971.  .584 
4, 073,  589 
4. 353, 740 

4,  407. 490 
4,  H48. 239 
4,  708, 000 


322 
36-2 


0.0282 
0. 0310 


5.032,666 
4,862,456 


Broke  just  as  strain  was  applied. 
Breaking  load,  362  pounds. 

Modulus  of  rupture,  R  =  -  ,-,-  =6,605. 


TABLE  CLL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  43.— Material :  Alloy.— Original  mixture:  37.5  Cn,  62.5  Sn. — ^Dimensions:  Length 

between  supports,  22".    Breadth,  0.970".    Depth,  0.990". 


10  0. 0036 

20  I        0. 0050 

40  I        0. 0106 

60  0.0169 

80  0. 0228 

100  I         0.0308 

Beam  sinks  tilowly. 

120  0. 03f^9 

140  0. 0482 


11,313,336 

10,672.961 

10,  04!.  426 

9,  923,  982 

9, 182,  904 

8,  724,  939 
8,  215, 079 


160 
180 
2(»0 
6 
200 


0. 0577 
0.  0676 
0. 0799 


0.0202 
Broke  just  as  beam  rose 


7.842,870 
7, 531, 069 
7,079.685 


Breaking  load,  20U  pounds 
Modulus  of  rupture,  R  = 


_3Pl 


=6.949. 
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KECOKD  OF  TESTS  BY  TRANSVEESE  STRESS— Coo  tinned. 

[_SecQnd  8eri€8.'\ 

MECHA3IICAL  LaBOBATOKY^  DBPABTMENT  OF  ENQINXEUING,  STBVBNB  INSTITUTE  OF  TECHNOLOGY. 

TABLE  CLIl— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 44. — Material:  Alloy.— Original  mixture:  32.5  Cn,  67.5  Sn. — DimensioDS:  Length 

between  enpports,  22".    Breadth,  0.985".    Depth,  0.990'*. 


Load. 

Deflection. 

Pounds 

Inches, 

10 
20 
•10 
60 
CO 
100 

0.  0019 
0. 0075 
0. 0176 
0.0247 
0.  0319 
0.0406 

120 
140 
160 

i)e 
0.0505 
0.0607 
0. 0743 

Set 


Inches. 


Modulns  of 

elasticity. 

P[' 

^—  4^6d» 
I 


Beam  alnka  slowly, 


7,  427, 369 
6, 330, 144 
«,  765.  825i 
6. 984, 987 
6.  860. 256 

6,  618. 447 
6,  424.  002 
5, 997, 876 


Load. 


Pounds. 

I      180 

200 

6 

200 

210 


DeflectioB 


Inches. 

0.0907 
0. 1U98 


Set. 


Inches. 


Modalns  of 
eUeticity. 
Tl> 

^—  iLbd* 


0.0325 

0.1122    1 

Heard  8<<Tf'ral  slijsht  cracks. 
Bar  bioke  juHt  as  beam  rose. 


5. 527.  535 
5, 073. 241 


Breaking  load,  210  pounds. 

Modulus  of  ruptaro.R  =  -^  -^^  =7,178. 


3  VI 


TABLE  CLIII.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  45.— Material :  Alloy.— Original  mixture :  27.5  Cu.  72.5  Sn.— Dimensions:  Length 

between  supports,  22".    Breadth,  0.978".    Depth,  0.985". 


Load. 

Deflection. 

Set. 

Pounds. 
10 

Inches 
0.  0026 
0.  OOPl 
0.0146 
a  0325 

Inches. 

20 

40 

80 

Modalns  of 
elastirity. 

4  ^  bd* 


100 
120 
140 
160 

5      ... 
160 
Resistance 
pounds. 
Resist  anc« 

pounds. 
Resistance 

pounds. 

Reaisianre 

pounds. 


Beam  lunks  slowly. 
0.0403 
().  0487 
0.0583 
0.0696 


0.0145 
0. 0720 
to  siraiu  decreased  in  1 


9, 338, 147 
7,  e03, 107 
7,010,792 

7. 067, 332 
7,  017. 989 
6, 839,  430 
6, 547,  436 


to  strain  decreased  in  3 
to  strain  decreastnl  in  44 
to  strain  decrea  ed  in  69 


min.  to  154 
min.  to  150 
hours  to  104 
hours  to  100 


Load. 


Deflection. 


l9iches. 

'  6.0763 
0.  0817 
0.  0887 
0.  0970 
0.1053 
0.  I16;2 
0. 1297 
0.  1480 
0. 1647 
0. 1846 
0. 2057 

"0.2673" 
0.2204 


Set. 


Inches. 
0. 0400 


Poundi- 

4 
100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 

4 
300 
310 
320    1 
Breaking  load,'  320  pounds. 


0.0873 


Modulus  oi 
elasticity. 
_Pi« 

4  A  bd* 


Broke  Just  as  beam  rose. 


2   VI 


4, 868, 606 
4,  902.  125 
4, 831,  069 


4, 496, 144 


4,153,819 


4, 005,  997 


Modulus  of  rupture,  R=--  "t  Tm  =  Hi  128, 


TABLE  CLIV.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  46. — Material:  Alloy. — Original  mixture:  22  5  Cu,  77.5  Sn. — Dimensions:  Length. 

between  supports,  22".     Breadth,  0.980".     Depth,  0  992*^. 


10 
20 
40 
60 
80 
100 

4 
120 
140 
160 
180 
200 

4 
220 
S40 


0.0036 
0.0066 
0.0141 
0  0197 
0.0272 
0. 036.3 

Beam  sinks  slowly. 
0. 0047 


8,432.047 
7,893,831 
8,  474, 849 
8,182,160 
7,  665,  497 


0.0460 
0.  0579 
0.0700 
0.0868 
0.1045 

a  1239 
0.1487 


0.0357 


7, 2.58,  892 
6.  728,  160 
6. 279,  437 
5,  770.  317 
5, 325,  503 


4,  491, 042 


260 
280 
300 
4 
320 
340 
360 
380 
400 
10 
400 
420 


0. 1675 
0. 1923 
0. 2203 

0.2479 
0.2814 
0.3*63 
0.  352:J 
0.  3908 


4. 051, 591 

0. 1044 

3,591,869 

3,167,015 

• 

2, 848,  081 

&2051 

] 

0.  4051 
Broke  in  applying  strain. 
Breaking  load  40O  pounds. 

Modulus  of  rupture,  ^^^3  "Kjj  =13,687. 
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RECORD  OP  TESTS  BY  TRANSVERSE  STRESS— Continaed. 

\^Secon(l  series,'] 

Mechanical  Lauoratoky,  Dri'artmknt  of  Enoinkriuxg,  Stbvkks  Institute  of  Techsology. 

TABLE  CLV.— ALLOY  OF  COPPER  AND  TIN. 


OrigiDal  mark:   No.  47. — Material:  Allov.— Ori^nal  mixture:  n.ft  Cn,  82.5  Sa. — DimenaioDS :  Length 

betweeu  8upport»r*2"-    Breatlth,  0. 996".    Depth,  0.9tf3". 


Load. 


Pounds. 
10 
20 
40 
60 
80 

100 
5 
12U 
140 
160 
180 
SOO. 
5 
300 

vao 

340 
^60 
370 
380 
290 
300 
5 
The 


Deflection. 

Set 

1      ModaliiB  of 
>        elaaticitv. 
Pf>  * 

4  L  bd* 

hichet. 
0. 0027 
0.0070 

Inches, 

'  8,0S9,339  * 
7.  356, 258 
«,  .'.94,  770 
€.  167,  163 

C.  01.'>3 

0.0356 

*■*'"*••**' 

0.0365 

Beam  sinks  slowly. 
0. 0499 


0.0617 
a  0801 
0. 1043 
0.  1343 
0.1666 


0.1708 
0.3145 
0.3o03 
0  3021 
0.  3367 
0.  3763 
0.4147 
0.  4597 


5, 638,  814 
4.  899.  597 

O.0O9-2 

4. 320.  565 

3,771,245 

"i.oasi 

3, 377,  873 

•  •  • 

2, 697,  980 

............ 

833.406 

.  ..... 

0  3084 

beam  waa  observed  to  rise,  and  tnotbor 
reading  of  set  was  taken  in  3  luinutes. 

5     I I        0  3023   J 

The  beam  ro»e  attain,  pushed  forwarti  the  poise 
till  beam  balanced  at  10  pounds. 
Time  3  niiuutea. 


LofuL 


DvfleotioD. 

A 


Set. 


Modulus  of 
elasticity. 

P/3 


4  a  bd* 


In  3  minutes  more,  beam  balanced  at  14  pounds. 
The  pn^ssure  screw  was  then  run  back  till  beam 
balanced  a^ain  at  5  pounda,  and  another  reading 
of  get  taken. 

PouiidsA      Inches.    I      Tnehet. 
5    I .-1        0.3998 

Beam  rose  again. 

In  3  minutes  balanced  at  10  pounds. 

In  10  minutes  balanced  at  16  pounds. 

In  39  minutes  balanced  at  33  pounds. 

Ran  back  pressu re-sere tr  till  beam  balanced 
again  at  5  pounds. 

5    1 ..."       0.3903    I 

In  4  minutes  bi^am  rose  again. 

In  33  minutes  beam  balanced  at  14  poundn. 

In  1  hour  and  36  minatea  beam  balanced  at  80 
pounds. 

Run  back  prosaure-screw  till  beam  balanced 
again  at  5  pounds. 

5    I     I        0.3845    1 

Total  iUerease  of  set  in  3  hours  and  SO  minutes 
0.:iO84 —0.3845=:  0.0339  inches. 

Rt^placed  load  of  380  pounds. 

380  0.4849 

300  0  53:«    I       ...    1  

310       Broke  on  applying  strain. 

Brtuiking  load,  300  pounds. 

3    PI 
Modulus  of  rupture,  B =-^  ~^ 


-^  =  10.384 


TABLE  CLVL— ALLOY  OF  COPPER  AND  TIN. 

Original  msrkt  No.  48.— Material :  Alloy.— Original  mixture:  13.5  Cu.  87.5  Sn.— Dimensions:  Length 

between  supports,  Sd*'.    Breadth,  6.985".    Depth,  0.990". 


10 
SO 
40 
60 

8U 

100 
5 
ISO 
140 
160 
180 
300 
5 
300 
230 
340 
360 
270 
380 
390 
300 
5 


0.0035 
0.0050 
0.0141 
0.  QiiO 
0.  0.353 

Beam  sinks  slowly. 
0.0508 

0.0120 
a  0760 
0.0.>69 
0. 1263 
0. 1593 
0.3014 


0. 3368 
0.  3916 
0.  4078 
0.5310 
0.  5763 
0.  6458 
0.71rt5 
0.8035 


0.1338 


T.  901,  458 
7,349.  r»5 
6, 330,  144 

5,  483,  803 

4.'397.'784' 
4.  034.  1 16 
3,531,2:n 


3,  735, 307 


1,  6;i9, 194 


0. 6743 


1, 307.  609 
i,64i,'3-26' 


Scale  beam  rose. 

In  3  minutes  balanced  at  SO  pounds. 
In  4  minutes  balanced  at  39  pounds. 
In  15  minates  balanced  at  34  pounds. 
Run   back  pressure-screw  till    beam    balanoed 
agun  at  5  pounds. 

5    I  I        0.6555    I 

Beam  rose  again,  balanbed  at  13  pouuds  In  5 
minutes.  • 

5    \  '        0.6508    I   

Total   decrease  of  set  in  30  minutes,  0.6743 — 
0.r»5U8  =  0.0334  inches.  - 

Beam  rose  again,  but  test  was  continued  with- 
out furiher  waiting. 

360  0.8;K)4 I 

3"%     I        0  9018     I  •  I 

:«)0    I        1 !  0760    I  Beam  sank  rapidi  v. 

300        Repeated.    Bar  broke  Just  as  Warn  rose. 
Breaking  load,  300  pounds. 

3    Vl 
Modulus  of  rupture,  R=  ^  ~bdP  ~  *°''^* 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

ISeoond  series.'] 
Mechaxical  Labobatort,  Dbpastmbnt  of  ExGiNKRiUNo,  Stkvsns  Institutb  of  TECHN'OLOGY. 

TABLE  CLVII.— ALLOY  OF  COPPER  AXD  TIN. 

Origiofll  mark:  Ko.  49.— Material :  Alloy.—Original  infxtare:  7.5  Ca.  92.5  8n. — Dimensions:  Length 

between  supportti,  2i".    Breadth.  0.990".     Depth,  0.995". 


Load. 


Pmtads 
10 
i» 
40 
CO 
eO 

100 
3 
by 
140 
IfiO 
160 

aoo 


Deflection. 


Set 


Mo<Iulii8  of 
elasticity. 


Inehet. 
0.0009* 
0.0037 
0. 0137 
0.0-233 
0.0367 

Beam  sinks. 
0.0537 


Inehet. 


0.0751 
0.1153 
0. 1587 
0.%J8:S 
aSSdS 


0.0128 


7,969,719 
7,  OiO,  G*« 
5, 963.  HGO 

5, 083,  4-24 

4,361*591 

•i,75i,"9d9 

1,524,081 


Load. 


PouncU 
3 
220 
240 
S50 
260 
270 
280 
290 


Deflection. 
A 


Set. 


I 


Mo<laIas  of 
elAHticity. 

4  A  bd» 


Tneliet 


Inehet. 
0.2872 


0. 5-232 
0.8017 

0.  10072 

1.  :«oo 
1.78'0    , 

2.«:oo   I 

3. 6700     I 


CfH,  152 


\ 


286.253 
215,  693 

Bar  bent  wiiliont  breakinfT- 

Breaking  load  ('>r  load  oansins;  deflection  of  3| 

inches),  290  pounds. 

3  Pi 
Modulus  of  ruptaro,R=  '^  .^=9.764. 


TABLE  CLVIIL— ALLOY  OF  COPPER  AXD  TIN. 

OrigilDal  mark:  No.  50. — Material:  Alloy. — Orijdnal  mixture:  2.5  Co,  97.5  Sn. — Dimensions:  Length 

between  supports,  22".     Brea<lth.  0  991".     Depth.  0.997". 


10 
20 
40 


80  : 

100     ; 

4    I 
120    . 
140 
160    I 
180 
200 

4 
200 


0.0032      8,470,30-2 

0.0081      6,69-2,585 

0.0221        4.90.\87i5 

0.0331        4,913,288 

Beam  sinks  slowly. 
0.0472 
0.0699 


0.0909 
0.1418 
0.2217 
0.3777 
0  5797 


0.6012 


) 

4. 594, 063 

1 

4.309,216 

0.0164  ;.. 

'.i,578,'2I3  '" 
2, 676, 000 
1, 956, 154 

1 1"' 

'0.5042  *. 

935,138 

210 


0.8512 


Repeated— 
210 
210 
2-20 
2.30 
240 
250 


1.03-22 
1.0800 
1.3800 
L6800 
2.  4300 
3.9300 


432, 108 


172,  423 


Bar  bent  without  breakiui;. 
Breaking  loa<l  (or  load  causing  3|  Inches  do- 
fleoiion).  250  pounds. 

3   PI 
Modulus  of  rupture,  R=  «  "^»  =  8,375. 


RECORD  OF  TESTS  BY  TENSILE  STRESS. 

{_S€Oond  senes.'i 

Mechanical  Laboratoby,  Department  of  Enginbbuing,  Stevens  Institute  of  T£Chno[X>9Y. 

TABLE  CLIX.- ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  31  A. — Material:  Alloy.— Orieinal  mixture:  97.5  Cn,  2.5  Sn. —Dimensions :  Length, 

5".    Diameter,  0  798". 


Load  per 
square 
inch. 


Pound*. 

800 

2,000 

3.000 

4.000 

2iK) 

5.000 

6.000 

7.000 

8.000 

200 

9,000 

10,000 

11.000 

12,000 

aoo 

13.000 


El  onsa- 
tion  In  5 
inches. 


Inches. 
0.0010 
0.0042 
0.0079 
0. 0123 

"6.0172 
0.0230 
0.0306 
0. 0373 

"0.0455* 
0.0530 
0.0617 
0.0699 

"0.0849* 


Set. 


Inches. 


Elongation  in 
partA  of  orig- 
inal length. 


.0002 
.0008 
.0016 
.0025 


.0034 

.0046 

.0061 

.0075 

0.0230 

.0091 

.0106 



.0123 

■  «   ■  ■  ■  • 

.0139 

0.0620 

•«•*••••■•    •*•«*• 

.0170 


Broke  Just  as  reading  was  taken  ^  inch  from  C, 
end. 

Diameter  of  fractored  nection.  0.770  inch. 

Fracture  full  of  small  blowholes. 

Tenacity  per  square  inch,  original  section,  13,000 
pounds. 

Tenacity  per  square  inch,  fractured  section, 
13,958  pounds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

[^Second  series,'] 
Mechanical  LABO&ATOur,  Dspaktment  of  Enginbbbino,  Stkvems  Institutk  of  TECHKOLOGr. 

TABLE  CLX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  3L  B. — Material:  Alloy. — Or] {<i n al  mixtare:  97.5  Cu,  2.5  Sn.— Dimensions:  Len^h, 

5".    Diameter,  0.798". 


lioad   per 

E 1 0  n  g  a- 

square 

tiou  in  5 

inch. 

inches. 

Pounds. 

Inchet. 

tfOO 

0.0010 

2,000 

0.0025 

4,000 

0.0055 

200 

.  *  •  .      ...          . 

5,000 

0.  0077 

6,000 

0.  0103 

7,000 

0.0131 

8,000 

0. 0168 

200 

10,000 

6. 0247 

18, 000 

0.  0348 

200 

14,000 

0.  0531 

15,000 

0.0666 

15,250 

0. 0773 

Set. 


Inches. 


0.0005 

6.0081 
6.0273 


Elongation  in 
parts  of  orig- 
inal length. 


.  0002 
.0005 
.0011 


.  0015 
.0021 
.0026 
.0034 


.0049 
.0070 


.0106 
.0133 
.0155 


Broke  2  inches  fVom  D  end  after  taking  i  oading. 

Diameter  of  fractured  section,  0.7 lO  inch;  full 
of  blowholes. 

Tenacity  per  square  inch,  original  section,  15,850 
pounds. 

Tenacity  per  square  inch,  fractured  Bectloo, 
16.374  pounds. 

The  bar  was  d^foctivo  in  consequence  of  sepa- 
ration of  metals,  and  blowholes  throughout  its 
whole  length. 


TABLE  CLXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No. 32  A. — Material:  Alloy.— Original  mixture,  92.5  Cu,7.5  Sn.— Dimenaions :  Length, 

5".    Diameter,  0.79e!". 


Load  per 
square 
inch. 


•  Pounds. 

soo 

2,000 

3,000 

4,0u0 

200 

6,000 

8,000 

200 

10,000 

12,000 

20.) 

14,000 

16, 000 

200 

18,000 

In  1  min. 

19,.  000 

20,000 


in  5  inches. 


Inches. 
0. 0010 
0. 0027 
0.0039 
0.0051 


0.0073 
0.0091 

6.oi64' 

0. 0120 

6.6146' 
0.0222    I 

6.0506" 
0.0546 
0.  0664 
0.0956 


Elongation  I      g^^^ 


Elongation  in 
pans  of  orig- 
inal length. 


Inches. 


0.0011 


0.0044 
6.6679 


0. 0181 


.0002 
.0005 
.0008 
.0010 

.0615" 
.0018 

.6621 
.0024 


.00-29 
.0014 


.0101 
.0109 
.0133 
.0191 


Load  per 
sq  uare 
inch. 


Elongation 
in  5  inches. 


Pounds 
200 
32,000 
23,000 

In  I  miu. 
24,000 

In  20  sec. 
200 
26,000 
28,  UOO 
2t^,500 


Set 


Inches. 


0.1509 
0. 1793 
0. 1916 
0. 2156 
0.  2218 


Inches. 
0.0906 


Elongation  in 
parts  of  orig- 
inal length. 


.0303 
.0399 
.0393 
.  0431 
.0444 


0.2110 

0.3038 .0607 

0. 3896        .  0779 

Broke  1  inch  ftom  C  end. 
Fraotuied  section  elliptioal,  diameters,  0.690  x 
0.732  iuch. 

Tenacity  per  square  iuob,  original  section,  38,500 
pounds. 
Tenacity  per  square  inch,  fractured     section, 
35,922  pouuds. 
Several  very  small  blowholes  in  fractured  sur- 
face. 


TABLE  CLXa.— ALLOY  OF  COPPER  AND  TIN. 
Original  mark :  No.  33  B.— Material :  Alloy.— Original  mixture:  92.5  Cu,  7.5 Sn. — Dimensions:  Length 


5". 


Diameter,  0.798". 


800 

2,000 

3,000 

4,000 

6,000 

8,000 

200 

10, 000 

12,000 

200 

14,000 

16,000 

200 

18,  000 

20,  000 


0.0004 
0.0038 
0.  0062 
0.  OO-S 
0.013'j 
0. 0203 

'6.'0272 
0.0363 

6.6459' 
0. 0554 


0.  0039 
6.0199" 

•  •  •  ■  «  ■  fl 

6.0449' 


.0001 

.0008 
.0012 
.0017 
.0028 
.0041 


.00.54 
.  0072 


.0092 
.0111 


0141 
02U8 


300 
22.000 
24,  000 
25,000 
In  1  miu. 
26.000 
27,000 
27,300 


0. 1516 
0.  2135 
0. 2;t99 
0. 2.594 
0.29H0 
0.  3338 
0.3532 


0.0944 


.0313 
.0417 
.0480 
.0519 
.0596 
.0668 
.0706 


Broke  i  Inch  from  D  end. 

Fractured  section  elliptical,  diameters,  0.735  x 
0.720  inch. 

Tenacity  per  square  inch,  original  section.  37,300 
pounds. 

Tenacity  per  square  iuch,  fractured  section, 
32,844  pounds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS-Contiimed. 

ISecond  deries.'i 
Mechanical  Laboratoht,  Department  of  Enoinrerino,  Stevens  Instttutb  of  Technology, 
.        TABLE  CLXIII.-ALLOY  OF  COPrEB  AND  TIN. 


Original  mark :  No.  33  A.— Material :  Alloy. — Original  mixture :  87.5Ca,  12.5 Sn.— Dimensions:  Length 

5".    Diameter,  0.798". 


lf<»ad 


I'onndn. 

1,200 

2,000 

3.000 

4,000 

200 

6.000 

8,000 

200 

10,000 

12,  0(M) 

20U 

14.000 

l&OOO 

•JOO 

18,000 

Inehet. 
0.0022 
0. 0044 
0. 0072 
0.0093 


0. 0128 
0. 0185 


(?)  0. 0184 
0.0218 

'"  0.0246' 
0. 0292 

""'6.0342 


Set. 


Elongation  in 
part«  uf  orig- 
I    lual  length. 


Inehet. 


0004 
0009 
0014 
0019 


Load  per 
8  q  a  a  r  e 
inch. 


Pounds. 
2U,l00 

2u0 
22,000 
24. 000 

200 

26,  000 

27,  000 
28,000 

200 
29,000 


Elongation 
in  5  inches. 


Inches. 
0. 0405 


0.0485 
0.0605 


0.0804 
0.  0927 
0.1129 


Set. 


Inches. 
"0.0261 


Elonga  lien  in 
parts  qforig< 
inal  length. 


.0081 


0. 0467 


.0097 
.0121 


.0161 
.0165 
.0226 


I    0.09.'J5     I 

Broke  in  middle  just  as  beam  rose. 
Diameter  of  fractared  sectton,  0.776  inch. 
Tenacity  per  square  incbt  original  section,  29,000 
poands. 
Teoaoity  per  square  inch,  fractured   section, 
30  658  pounds. 


TABLE  CLXTV.- ALLOY  OF  COPPER  AN^D  TIN. 

Original  mark:  No.  33  B.— Material:  Alloy. — Original  mixture:  87.5  Gu,  12.5 Sn.— Dimensions:  Length, 

5".    Diameter  0.79b". 


1,200 

2,000 

3,0J0 

.4,»00 

6,000 

8,000 

200 

10,000 

12,  0. 0 

200 

14.000 

16,000 

200 

18,000 

ao.ooo 

200 
22,000 


0.0025 

.0005 
.0010 
.0019 
.  0028 
.  0041 
.0055 

.0066 1 

.  0079          i 

1 

24,000 
200 

26,000 

28,000 
200 

30,  000 

0.0905 

.0191 

0. 0052 

0.0665 

0.0097 

0, 1040 
0.1271 

6.  isei 

.0208 

0.  0139 

-6.'o'o'68("?) 

.0254 

0.0906 
0.0275 

6. 1663 

.6312 

6.0330 

32, 1 00 

200 

3.3, 000 

0.2007 

6.i8ii 

.0401 

0. 0396 

0.2270 

.0454 
.0485 

0.0049 

33, 200             0. 2432 

0. 0473 

.'6694 

.0108 

.6i25 

.  0142 
.  0159 

0.0541 

o.'62o6* 

Broke  in  middle. 

Diameter  of  fractured  section.  0.770  inch. 

0.0623 

Tenacity  per  square  inch,  original  section,  33,200 
pounds. 

Tenacity  per  square  inch,  fractured  section,  35, 648 
pounds. 

0. 0709 

0.  0421 

0. 0793 

TABLE  CLXV.— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No. 34  A.— Material:  Alloy. — Original  mixture:  82.5  Cu.  17.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


2,000 

4,000 

6.000 

8,0C0 

200 

10,000 

12,000 

200 

14,000 

16.000 

18.000 

20,000 

22.000 

24,000 

900 


0.0032 
0.  0074 
0.0104 
0.0125 

'6. 6137' 

0.0150 


0.0161 
0.  0170 
0.0176 
0.  0194 
0.0200 
0. 0216 


■0.0004(?) 

6."  6661' 


0. 0102 


.0006 
.  0015 
.0021 
.0025 


.0027 
.0030 


.0032 
.0034 
.  0035 
.0039 
.0040 
.0043 


26,000 
28,000 

0.0224 
0.0244 

.0045 
.0049 

200 

0.  0042 

30. 000 

0.  0-264 
0.0288 

.0053 

32,  000 
200 

"6."  6691" 

.0058 

34,000 

0. 0316 
0. 0357 

.0063 

37,  300 

.0071 

40, 200    I  Broke  i  inch  from  A  end. 
Diameter  of  fractured  section,  0.795  inch. 
Tenacity  per  square  inch  of  original  section, 
40.200  pounds. 
Tenacity  per  square  inch  of  fractured  section, 
j{  40,492  pounds. 


446 


TESTS   OP   METALS 


RECOKD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

ISecond  series.'} 
Mbchanioal  Laboiutory,  DBPARTMETrr  OP  ENoiNEBurNQ,  Stbvbnb  Ikbtitutb  of  Technology. 

TABLE  CLXVI.-.ALLOY  OF  COPPER  AND  TIN.  ^ 

OrigiDal  mark:  No.  34  B  — Material:  Alloy. — Original  mixtare,  Bi.5  Ga,  17.5  Sn. — DimeDBiona:  LeDgth, 

5".    Diameter,  0.79«''. 


Loiul  per 
square 
inch. 


Eloniratioii 
iuSluohes. 


Pounds. 

Jnchea. 

2.000 

0  0019 

3.000 

0. 00.34 

4,000 

0.0054 

6,000 

O.OOdO 

8.000 

0.0110 

10.000 

0.0119 

1-2,  000 

0.6VS6 

14.0()0 

0.0149 

16, 000 

0.0170 

18,  Oi») 

0. 0179 

120,000 

O.OJOO 

iiOO 

Set. 


Inchea. 


— 0  00a-2(?) 


Elong^ion  in 
partii  of  orig- 
inal length. 


.0004 
.0007 
.0011 
.0016 
.QWS, 
.0024 
.  0047 
.OOrW 
.0034 
.002<j 
.0040 


Load  per 
square 
inch. 


Pounds. 
22,000 
24,000 

2  0 
26,000 
28.000 
30,000 
32,000 

200 
.32, 200 


Elonj^ation 
in  5  inches. 


Inchet. 
0.0216 
0. 0244 

'6.6269* 
0.0i96 
0.  0324 
0.0355 


Set. 


Jnchea. 


+0.0021 


Eloni^ation  in 
parts  of  orig* 
mal  length. 


.0043 
.0049 


.00.>4 
.0059 
.0065 
.0071 


0.0139 
Broke  at  shonlck'r,  B  end. 
Diameter  of  fractured  section,  0.798  inch. 
Tenacity  per  square  inch  of  original  section, 
32,200  pounds. 


TABLE  CLXVII.-ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  35  A. — Material:  Alloy. — Original  mixtnre:  77.5 Cu, 23.5  Sn. — Dimensions:  Length, 

5".    Diameter,  0  798". 


2,000 

4,000 

6,000 

8,000 

10,000 

12, 000 

14,000 

16,000 

18,000 


0.  0016 
0.0060 
0.0094 
0.  0124 
0. 0128 
0.0143 
0.0161 
0.0175 
0.0180 


.0003 
.  0012 
.0019 
.0025 
.0026 
.0029 
.  0032 
.  0033 
.0036 


20,000  0.0193      .0039 

21,(00  0.0197      .00.39 

22.000  0.0-203 .0041 

23,000  0.0207      .0042 

23.  600       Broke  1  loch  from  A  end. 

Diameter  of  fractured  Kection,  0.798  inch. 

Tenacity  per  square  inch,  original  sec  ion,  tQ,600 
pounds. 


TABLE  CLXVIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.35B. — Material:  Alloy. — Original  mixture:  77.5 Cu,  22.5 Sn. — Dimensions:  Length, 

5".  'Diameter,  0.79d". 


1,200 

2,  000 

.3.  001 ». 

4, 000 

6,000 

8,000 

10,000 

12,000 

14,000 

0.0014 
0.  0040 
0.00H8 
0.0100 
0.0142 
0.  0178 
0.  rtl99 
0. 02-24 
0.  024!i 


0003 
OOU^ 
0014 
00-20 
0028 
,  0036 
00.i9 
0045 
0049 


16,000  0.0364 

18,  000  0.  0281 

20,  000  0. 0-2^ 

22,000  0.0310 

24,  000  0.  0324 
25, 000  0.  0329 

25,  700       Broke  in  middle. 
Diameter  of  fractUTed  section,  0.798  inch 
Tenacity  per  square  inch,  25,700  pounds. 


.0053 
.0056 
.0060 
.0062 
.0065 
.0066 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

ISecond  aeries, "} 

Mechanical  Laboratory,  Dsf  abtmknt  of  Enqwekriko,  Stbvenb  Institutb-  of  Tbchnolooy. 

^        TABLE  CLZIX.-.ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ko.  36  A.— iSlaterial:  Alloy.— OTigiual  uiixtiire:  7S.5 Ca, 37.5  Sn.-^Reotangular  sectlou 

0.996"  X  1.002''.    Too  brittle  to  bo  turned. 


At  3,860  poiiDdA,  tbe  piece  broke  in  the  upper 
jaw  of  the  tensile  machine,  l^  incbea  from  A  eud. 
Set  again  in  machine.  At  6,500  pounds  broke  iu 
lower  jaw.  1  inch  from  C  end.  Piece  too  short  to 
be  tested  further. 


Tenacity  per  nqnare  inch,  6,500  pounds. 
Elongation  not  measured. 


TABLE  CLXX.— ALLOY  OF  COPPER  AND  TIN. 

Ori^nal  mark:  No.  36 B.— Material :  Alloy.— Original  mixture:  72.5  Cu.  S7.5Sn  — Rectangtilar  section, 

I.OIO '  X  1.000". 


At  6J}50  pounds,  broke  in  lower  Jaw,  1^  inches 
firom  B  end. 

6,050  pounds,  broke  3  inches  from  bottom,  and  1 
inch  above  edge  of  lower  jaw. 


Breaking  load,  6,550  pounds. 
Tenacity  pvr  Kquar^  jiich.  6.485  pounds. 
NoTK  —It  appears  that  the  biittle  pieces  break 
in  the  jaws  ot   the  machine  partly  by  crushing 


6,300  pounds,  broke  at  edge  of  lower  jaw,  2^      and  partly  by  tensile  strain.    The  figures  obtaioeil 


inches  from  B  end. 


for  tenacity  are,  therefore,  probably  too  low. 


TABLE  CLXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  37  A.-> Material :  Alloy.— Original  mixture :  67.5  Cu,  32.5  Sn.— Rectangular  section , 

0  975"  X  0  990". 


At  1,606  pounds,  broke  in  lower  jaw,  1^  inches 
from  A  end. 

At  940  pounds,  broke  in  upper  jaw,  1^  inches 
ftom  C  end. 


At  1,940  pounda,  broke  in  upper  jaw. 

Breaking  load.  1.606  pouuda 

Tenacity  per  square  inch,  1,664  pounds. 


TABLE  CLXXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.37B. — Mftterlal:  Alloy.— Original  mixture :  67.5  Cu,  32.5  Sn.—}lotangular  section, 

0.9^2"  X  0.9j<5". 


At  2,014  pounds,  broke  in  lower  jaw  by  crushing. 

At  1.536  pounds,  broke  iu  upper  jaw,  2  inches 
from  end. 

At  1,334  pounds,  bioke  in  upper  jaw;  crushed 
off  ^  inch. 

At  3.304  pounds,  broke  in  lower  jaw,  1  inch  from 
end.  I 

At  2.403  pounds,  broke  in  upper  jaw,  ^  inch  from  , 
end. 


At  3.150  pounds,  broke  in  upper  jaw,  1^  inches 
from  end. 

At  3,330  pounds,  broke  in  lower  jaw, }  inch  ftom 
end. 

Too  short  to  test  further. 

Breaking  load  (maximum),  3,330  pound.s. 

Teuacity  per  square  inch.  3,40B  pounds. 


TABLE  CLXXIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark  :  No.  38  A.— Material :  Alloy.— Original  mixture:  62.5  Cu,  37.5  Sn.— Rectangular  section 

0.980"  x  0.992". 


Tested  4  times;  broke  each  time  in  upper  jaw,  !       Breaking  load  (maximum),,  2,270  pounds. 
at  If'ilif'i,  2,270,  1,980,  and  1,520  pounds.  Teuacity  per  square  inch,  2,335  pounds. 


TABLE  CLXXIV.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  38  B.— Material :  Alloy.— Original  mixture:  62.5  Cu,  37.5  Sn. — Rectangular  section, 

0.983"  X  U.9U0". 


Broke  iu  jaws,  at  766  pounds. 


Tenacity  per  square  inch,  787  pounds. 
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^Second  «mc».] 
Mechanical  Laboratory,  Depauthext  of  Enoixeeuing,  Stkvkns  Institcte  of  Techxoi/m;t 

TABLE  CLXXV.— ALLOY  OF  COPPER  AJiTD  TIJT. 

Original  mark :  N<a  39  A.— Material :  Alloy.— Original  mixtnre:  57.5  Cu.  42.5  SD.—Bectangular  eectioo, 

0.95«"  X  0.990". 


Tested  4  timea ;  broke  in  jaws  each  time,  at  800, 
^6,  1,16€,  aud  944  pouiula. 


Breakitifi;  load  (Tnaximum),  l,t66  pounds. 
Tenacity  per  square  Incli,  1,900  poandft. 


TABLE  CLXXVI.— ALLOY  OF  COPPER  AND  TIN. 

Orijpnal  mark:  No. 39  B.  — Material:  Alloy. — Oiifdnal  mixtnre:  57.5  On,  42.5  Sn. — Rectangalar  eectioB, 

0.9ea"  X  0.997»'. 


Broke  in  jawa,  at  966  and  1,530  pounds. 
Breaking  load  (maximum),  lyT)30  pounds. 
Tenacity'  per  square  inch,  1.553  pounds. 


[No.  40  was  broken  by  the  transverse  test  into 
pieces  too  short  for  teats  by  tension.] 


TABLE  CLXXVII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  41  (A— C). — Material:  Alloy. — Original  mixtnre:  47.5  Co,  53.5  Sn. — Rectaa^lar 

section,  0.968"  x  0.985". 


Tested  four  times;  broke  in  jaws  each  time,  at 
1,830,  1,730,  690,  and  1,360  poundo. 

Tested  a  flf'tti  time,  when  tbe  piece  broke  in  the 
middle,  at  1,720  pounds. 


Breaking  load  (maximum),  1.830  pounds. 
Tenacity  per  square  inch,  1,919  pounds. 


TABLE  CLXXVIII.— LLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  41  (E—D).— Material :  Alloy.— Original  mixture:  47.5  Co,  53.5  Sn.— Reciaajnil'i' 

section,  0.962"  x  0.9ft". 


At  1,340  pounds,  broke  2  inches  from  E  end. 
At  1.,  160  pounds,  broke  in  jaws  i  inch  from  E  end. 
At  1,3'^  ponnds,  broke  3  iuches  from  D  end. 


Breaking  load  (maximum),  1.340  pounda 
Tenacity  per  square  inch,  1,414  pounds. 


TABLE  CLXXIX.-  ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   No.  41  (B—E).— Material :  Alloy.— Original  mixtnre:  47.5  Cu,  52.5  Sn.— Rectan«nii«f 

section,  0.960"  x  0.990". 


At  2.120  pounds,  broke  1  inch  from  E  end. 
At  2,750  pounds,  broke  2  inclies  from  E  end. 


Breaking  load,  2,750  pounds. 
Tenacity  per  square  inch,  2,894  pounds. 


TABLE  CLXXX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:   No.  42  (C—E) —Material :    Alloj'.— Original  mixture:  42.5  Cu,  57.5  Sn.— Rectangular 

section,  0.992"  x  1.004". 


Tested  4  times;  broke  in  jaws  each  time,  at 
760,  2,264,  1,470,  and  1,034  pounds. 


Breaking  load  (maximum),  2,264  ponnd.^ 
Tenacity  per  square  inch,  2,273  pounds. 


TABLE  CLXXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  42  (F—B).— Material :  Alloy.— Original  mixture,  42.5  Co,  57.5  Sn. -Rectangular 

section,  0.995"  x  0.987". 


Broke  at  1,890  pounds  3  inches  from  B  end. 


Tenacity  per  square  inch,  1,924  pounda 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

[^Second  aeries,'] 
Mechanical  Labouatoby,  DkpARTMENT  op  Skodibeiumo,  Stbveks  IxsTrruTB  op  Tbchkology. 

TABLE  CLXXXIL—ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  43  A.— Katerial :  Allov.-^OrigiDal  mixtore :  37.5  Co,  62.5  Sn.-i-DinMDsione :  Length, 

5".    Diameter,  0.790". 


Broke  in  middle  at  1,400  i»oanda. 
Elongation  leas  than  0.01  inch. 


Tenacity  per  sqnare  Inch,  St,eOO  ponnds. 


TABLE  CLXXXUL— ALLOY  OF  COPPER  AND  TIN. 

Original  mixture : 
Diameter,  0.796". 


Original  mark :  No.  43  B.— Material :  Alloy  — Original  mixture :  37.5  Ca,  63.5  Sn.— Dimensions:  Length t 


Broke  1  inch  from  B  end,  at  1,000  ponnds. 
Elongation  lesa  than  0.01  inch. 


Tenacity  per  square  inch,  3,000  ponnds. 


TABLE  CLXXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  44  A. — Material:  Alloy. — Original  mixture:  32.5  Cn,  67.5  Sn. — Dimensions:  Length, 

5".    Diameter,  0.798*'. 


Broke  in  middle,  at  796  pounds. 
Elongation  less  than  0.01  inch. 


i; 


Tenacity  per  square  inch,  1,593  pounds. 


TABLE  CLXXXV.- ALLOY  OF  COPPER  AND  TIN. 

Original  mark  :  No.  44  B. — Material :  Alloy. — Original  mixture :  32.5  Cu,  67.5  Sn.— Dimensions :  Length, 

5".    Diameter,  0.79b". 


Broke  at  shoulder,  D  end,  at  1,5^  pounds. 
No  elongation  detected. 


Tenacity,  3,092  pounds  per  square  inch. 


TABLE  CLXXXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  45  A.— Material :  Alloy. — C>riginal  mixture :  37.5  Cn,  72.5  Sn.— Dimensions :  Length, 

5".    Diameter,  0.79d". 


Broke  at  1,680  pounds,  1^  inches  from  C  end. 


Tenacity,  3.360  ponnds  per  square  inch. 


TABLE  CLXXXVIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  45  B.— Material :  Alloy.— Original  mixture :  27.5  Cn,  72.5  Sn.— Dimensions :  Length, 

5".    Diameter,  0.798". 


Broke  at  2.700  pounds,  1|  inches  from  D  end. 


Tenacity,  5,400  ponnds  per  squAre  inch. 


TABLE  CLXXX7III.— ALLOlr  OF  COPPER  AND  TIN. 

Original  mark :  Na  46  A.  —Material :  AUov.— Original  mixture :  82.5  Cu,  77.5  Sn.— Dimouions:  Length, 

5''.    Diameter,  0.79d". 


Broke  at  2,100  pounds,  1  inch  Arom  C  end. 
Elongation  not  measured. 


Tenacity,  4,800  pounds  per  square  inch. 


H.  Ex.  98- 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

[_Sec(md  series,'] 
Hbchasical  Ladoratory,  Dbpabtmkkt  of  Enoinbkrino,  Stkvrks  Institutx  of  Technologt. 

TABLE  CLXXXIX-ALLOr  OF  COPPER  AND  TIN. 

OrigiiuJ  mark :  No.  46  B. —Material :  Alloy. — Orifrioal  mixtnre :  33.5  Co,  77.5  Sn. — DimoDsioDS:  Length, 

5".    Diameter,  0.79b". 


Load  per 
sqaare 
iucb. 


Pound*. 
800 
1.600 
3,000 
2,400 
3,800 
3,300 
3,600 
4,000 
300 


inSlnchea.,  ^      ial  length. '^ 


Inches. 
0.0015 
0.0058 
0. 0070 
0.0090 
0.0109 
0. 0134 
0.  OHO 
0. 0157 


Ineke*.  I 


.0003 
.0013 
.0014 
.0018 
.0033 
.0035 
.0037 
.0031 


0.0096 


Set 


Elongatioi  io 
|>aru  of  «cig- 
inal  length. 


Pounds.  Inehea.      Inches. 

4.000  0.0164      .0033 

5,000  0.0183      !  .0036 

5.800  0.0313      1  .0043 

Broke  Jast  aa  beam  rone  1^  incben  from  B  end. 
Diameter  of  fractured  aectioo,  0  7b6  iuoh. 
Tenacity  per  square  iuoh  of  original  Motion, 
5,800  pounds. 

Tenacity  per  square  inch  of  firaotared  Mctioa. 
5,837  pounds. 


TABLE  CXC— ALLOT  OF  COPPER  AND  TIN. 
No.  47  A.— Broke  in  handling. 

ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  47  B.— Material :  Allov.— Originsl  mixture:  17.5  Cn,  83.5  Sn.— Dimenaions:  Leagtb, 

5".    Diameter,  0.798". 


Broke  at  1,408  pounds,  U  inches  from  D  end. 

Elongation  not  measured. 

Tenacity,  3,816  pounds  per  nquare  inch. 


Diameter  of  fVactured  section,  0.797  inch. 
Tenacity  per  square  inch  of  fracinred  section, 
3,833  pouuds. 


TABLE  CXCI— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  48  A.— Material:  Alloy.— Original  mixture:  13.5  Co,  87 Ji  Sn.— Dimensions:  Length, 

y.    Diameter,  0.798". 


Broke  in  middle,  at  1,708  pounds. 

Elongation  not  measured. 

Diameter  of  fractured  section,  0.795  inch. 


Tenacity  per  square  inch  of  original  sectHW. 
3,416  pounds. 

Tenacity  per  square  inchV>f  fractured  section, 
3,440  pounds. 


TABLE  CXCn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  48  B.— Material:  Alloy.— Original  mixture:  13.5  Co,  87.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


^„n    Elongation 


square 
inch. 


in  5  inches. 


Set. 


Pounds. 

800 
1,600 
3.000 
3,400 

200 
3,600 
.1,300 
4,000 

300 
4,180 


Inches.    I  Inches. 

0.0033    I 

0.0097      , 

0.0160    1 

0.0834    I 

0.0172 

0.0310    I , 

0.0407     I 

0.0551 

I  0.0496 

Broke  in  middle. 


Elongation  in 
parts  of  origi- 
nal length. 


.0004 
.0019 
.0033 
.0045 


.0063 
.0081 
.0110 


Diameter  of  fractured  section.  0.795  inch. 

Tenacity  per  square  inch,  original  seciivn,  4,ItV 
pounds. 

Tenacity  per  square  inch,  fractured  section,  4.310 
pouuds. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

^Second  setiea.  ] 

MBCIIAmCAL  LaBOKATOBY,  DEPAirTMKKT  OF  ENGINEERING,  STEVBNB  IXSTTTUTR  OF  TBCHNOLOOr. 

TABLE  CXCIIl.— ALLOY"  OF  COPPER  AND  TIN. 

Original  mark :  No.  49  A.— Material :  Alloy.— Original  nilxtnre :  7.5  Co,  99.5  Sn.— DimensioDB :  Length, 

^'.—Diameter,  0.798". 


Load  per 
sqaare 
ineh. 


Elongation 
in  5  iucheA. 


Povnds. 
3.300 
4,000 
900 
i400 
5,000 
6.19:2 


I 


Inchfi. 
0.0065 
0. 0-278 


0.  0472 
0. 1 109 
0. 794  > 

Sorface  of  piece  corrugated  by  strain, 
itrain  to- 


Set 


Eloniration  in 
parta  of  origi- 
nal length. 


Inchta. 


.0013 
.0056 


0. 0247 


i800 
5,000 


0.8709    I I 

Broke  in  middle. 


.0094 
.  0-2« 
.  1&» 
Kedace 

1743 


d 


Breaking  load.  6,19*2  pounds  per  square  inch. 

Diameter  of  tractunsd  f>ection,  0.710  inch. 

Tenacity  per  square  inch  of  original  section, 
6,193  pounds. 

Tenacity  per  square  inch,  fractured  section  (as- 
suming that  the  nnal  section  sustained  the  last  re- 
corded load.  5,000  pounds  per  si^nare  inch  original 
section),  6,315  pounds.  Dividing  the  maximum 
loa-l  by  the  flnnl  area,  the  apparent  tenacity  per 
square  inch  of  fractured  section  is  7,9bi  pounds. 


TABLE  CXCIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No. 49  B.— Material :  Alloy. — Original  mixture:  7.5  Cu, 92.5  Sn. — Dimensions:  Length, 

5".    Diameter,  0.796". 


Load  per 
square 
inch. 


Poundt. 

tiOO 
1.600 
3,000 

200 
2L4(0 
3,8ii0 
3,200 
4,000 

200 
4,400 
4,800 
5.200 
S;6Q0 
6.000 
6,u00 
and  finslly 


Elongation 
in  5 inches.! 


Set 


Elongation  in 
parts  of  origi- 
nal length. 


Inche».     ^Inches. 

0.00l»  , .0004 

.0013 
.0024 

.0^35 

.0053 
.0067 
.0088 

.'0*162 

.0127 
.0181 
.  0249 
.036:) 

Continued 3 minutes;  piece  extended 
brok«9.    Last  reading  of  elongation. 


Diameter  of  fractured  section.  0.680  Inob. 

Tenoile  strength  per  square  inch,  original  sso* 
tion,  6.000  pounds. 

Tensile  strength  per  sqnare  inch,  fractured  sec- 
tion, 8,260  pounds. 


0.0067 

0.0121 

.  «  *  •  ■       -  ■ 

0. 0  66 

•0.0176 

0.0265 

o.a«5 

0. 0440 

•■•^•a                      «« 

6.6iso 

0.0510 

0.063:} 

•••••••  •! 

0.090) 

0.  1245 

0. 1815 

■  «      •  «  •  • 

just  before  fracture,  1.1508  inches,  23.02. 


TABLE  CXCV.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  50  A.— Material :  Allov.— Original  mixture:  2.5Cn,07.5  Sn. — Dimensions:  Length, 

5".    Diameter,  0.798" 


L«»ad  per 
square 
inch. 


Pound*. 
I,:f00 
1,600 

S.O00 
2^400 
3,800 
31.^0 

aooo 

4.000 

4.400 
4.800 
S,90O 
5^600 
5,600 


Elongation 
in  6  inches. 


Inehet. 
0.0061 
0.0134 
0.02:)6 
O0<56 
0. 0493 
0. 0.196 
0.0691 
0.0926 
0.1158 
0.1601 
0.3496 
0. 4191 
Continued 


Set. 


Incheg. 


Elongation  in 
parts  of  origi- 
nal length. 


.0013 
.0035 
.0047 
.0J71 
.0099 
.0119 
.0138 
.0185 
.0-232 
.0320 
.0499 
.0878 
minutcip.    Elongation 


increased  to  1.8260  or  36.52  per  cent,  "when  the 
micrometer  would  not  follow  it  further.  The 
resistance  to  strain  then  grs dually  decreased  to 
2,200 pounds  per  squareinch,  when  the  pieoe  broke 
in  the  middle.  Total  elongation  measured  after 
fracture,  2.05  inohes ;  per  cent,  of  length,  41.00. 

Diameter  of  fractured  section,  0.545  inch. 

Tensile  strength  per  square  inch  of  original  sec- 
tion, 5,600  pounds. 

Tensile  strength  per  sqnare  inch  of  fractured 
section  (assuming  that  the  flual  section  sustained 
the  last  observed  load,  viz,  1,100  pounds),  4,500 
pounds. 

Dividing  the  maximum  load  (2,800  pounds)  by 
the  final  area,  the  apparent  tenacity  per  square 
inch  of  fractured  section  is  12,002  pounds. 
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RECORD  OF  TESTS  BY  TE\8ILE  STRESS— Continued. 

ISecond  9eries,'] 
Mechanical  liABORATORr,  Department  of  Enoinrbkino,  Stevens  Institute  of  Tetiinouwt. 

TABLE  CXCVI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  50  B. — Material:  Allnv. — Ori^i^inal  mixture:  2.3  Cii,  97.5 Sn. — DimensioiM:  Len<^b, 

5'\    Diameter:  0.798'". 


Load  per 
nqnare 
inch. 


Poundi. 
1,200 
2,000 
200 
2,400 
2,800 
3,200 
3,600 
4,000 
200 
4,400 
4,800 
5,200 
5,600 


Elonjsation 
in  5  inchca. 


Set. 


IneKeg. 
0.0057 
0.0255 


Inchea. 


0. 0195 


0.0347 
0.  0460 
0.  0515 
0. 0707 
0. 0775 


0. 0757 


0.0945    

0.1275    

0.1900  I 

0.3275    1 

5, 600  Continued  2  minates.   . 
Piece  extended  rapidly. 
KeHi8tan('4»  decreased  to  5,000,  at  which 
for  1  minute. 

5, 000  I  1. 8120 


Elon{;:ation   in 
parts  of  origi- 
I    ual  length. 


.0011 
.0051 

.6069' 

.0092 

.0103 

.0141 

.0155 

.6189' 

.0255 

.0380 

.oe-w 


it  continued 
.3624 


I 


Resiatance  decreased  farther  and  piece  broke  2 
inchcH  from  B  end. 

Total  ext4>n8ion  meaanred  after  breaking,  1.H 
inches ;  per  ami.  of  length,  39.00. 

Diameter  of  lVacture<l  section,  0.530  inch. 

Tenacity  per  tttjuare  inch  of  original  section,  5.(iM 
pounds. 

Tenacity  per  square  inch  of  fractarecl  aoction 
(dividing'  maximum  load  by  final  arua),  Uflll 
pounds. 


RECORD  OF  TESTS  BY  (COMPRESSIVE  STRESS. 


Mechanical  L.kBORATORY,  Dei'artment  of  Enoinrerikg,  Stevens  Inbtituteof  Technology. 

TABLE  CXCVII— CAST  COPPER  (FLUXED  WITH  FLUOR  SPAR). 
Material:  Cast  copper. — Laboratory  number :  525. — Dimensions:  length, 2".    Diameter:  0.625". 


Ijoad. 


PowuLs. 

1,C00 

2,000 

3,000 

4,000 

5, 000 

6,000 

7,000 

8,000 

9,000 

10,000 

11.000 

12,000 


Compres- 
sion. 


Load  per  ;  Compression  in 
square  parts  of  origi- 
inch.  nal  length. 


I 


Inches, 
0.002 
0.007 
0.010 
0.015 
0.019 
0.022 
0.028 
0.048 
0.  092 
0.146 
0.201 
0. 279 


Pounds. 

3,259 

6,519 

9,778 

13,038 

16,  297 

19,557 

22,  816 

26,076 

29,335 

32,595 

35,854 

30,114 


.0010 
.0035 
.0050 
.0075 
.0095 
.0110 
.0140 
.0240 
.0460 
.  0730 
.1005 
.1395 


I 


Load. 


Pounds. 
13,  (KM) 
14,000 
15,000 
16,000 
16,500 
17.000 
17,500 
22,000 

Remove<i 


Compres- 
sion. 


Inches. 
0.345 
0.  415 
0.474 
0. 5.52 
0.581 
0.611 
0.648 
1.26 


Load   per 

square 

inch. 

Pounds. 

42,373 

45,633 

48,892 

52.152 

53, 782 

55,411 

57,041 

7L709 

Compression  ill 
parts  of  onfy 
nal  length. 


.1«5 
.2075 
.2370 
.27W 
2905 
.3055 
.3240 
.6300 


piece. 


At  9,000  pounds  a  slight  double  curve  ww  oh- 
sei-ved ;  at  10,000  the  (resistance  decrww<««l  to 
9,700  in  2  minutes. 
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RECORD  OF  TESTS  BY  TORSIONAL  STRESS. 

(^Seoand  series.'] 

TABLE  CXCVIII.— COPPER  AND  TIX  ALLOYS. 
Results  op  Tssts,  Calculated  fbom  thk  Autogbaphic  Stkaix  Diagrams. 


3 

{Z5 


« 


s 


31  A 
B 
C 
D 

32A 


I 

o 
o 


3 


111 

»*: ' 

If 
"*) 

It 


B 
C 
D 

33A 
B 
C 
D 

34  A 
B 
C 
D 

35  A 
B 
C 
D 


36A 


U 

5 

9 


c 


2< 

e 


37  A. 
B 

38A. 
B  . 

i  39—. 

40A. 
B 

41  A. 
B. 

!  42  A. 

'       B. 

C  . 

43A. 
B 
C 
D 

.  44A 
B 
C 
D 

45A 
C 
D 


.2 


o 

1 


o 
« 

a 


Ordinate. 


Torsional  mo- 
ment. 


B 

s 

S 


I 


a 

6 

I 


i$7.  in.  Degrees.  Inches. 

3. 55          5:J  0.  «5 

0. 80           29  0. 35 

L  46           28  0. 65 

L  97           41  0. 63 


•I 


20.99 
20.41 
16.75    I 
,22.58 

9.96 

I     6.72 

1L65 

10.38 

L91 
L66 
3.51 
0.85 

0.32 

0.61 
I  0.31 
'     0.16 


0.10 


0.05 


0.18 
0.10 

0.03 
0.005 

ao2 

0.002 

a  016 

0.025 
0.06 

0.06 
0.12 
0.05 

0.07 
0.06 
0.06 
0.05 

0.03 
0.60 
0.23 
0.05 

0.07 
0.75 
0.18 


204 
207 
153 
185 

73 
55 
82 
73 

14 
13 
21 

8 


4 

5.5 
5 
3 


1.5 
L8 

0.5 
0.4 

0.5 

0.3 
0.5 

1 
1 

1 
2 
1 

1.5 
2 
1 
L5 

1 
5 
3 
L5 

L6 
6.5 
2.5 


L45 
1.50 
1.50 
LOO 

L75 
L55 
L80 
L80 

LOO 
L95 
2. 15 
L70 

L50 
2.10 
LOO 
L35 


Inches. 
0.30 
0.20 
0.30 
0.3U 

0.40 
0.40 
0.50 
0.60 

0.65 
0.60 
0.70 
0.60 


2.45 
2.55 

3.15 
0.20 

0.63 

0.50 
0.65 

L30 
L40 

L75 
L30 
LOO 

0.60 
0.45 
0.90 
0.70 

0.40 
L77 
0.05 
0.80 

0.80 
2.05 
L50 


I 


Ft.lbs. 

\    89.69  I 

I    39.28  I 

69.53  ' 

67.51 

'  150.17 

155.  22 

I  155.82 

I  165.30 

1  180.42 
160.85 

I  185.46 
185.46 


0.90  I  105.  .>4 
0.90  I  200.  .'W 


LOO 
LIO 


220.74 
173.38 


1. 40     155. 22 
LOO  I  21.5.70  ' 


0.80 
0.40 


104.  81 
140.09 


t  3 
_< 

Ft.lb9. 
34.24 
24.16 
34.24 
34.24 

44.32 
44.  32 

,'>5.27 
64.49 

69.53 
65.33 
74.57 
64.49 

94.73 

94.73 

104.81 

114.89 

14.5. 13 
105.29  ' 
84.  &5 
44.32 


12 


0.0409 
0. 0124 
0.0116 
0. 0247 

0.4960 
0.5082 
0.3024 
0.  4206 

0.0763 
0.0440 
0. 00.55 
0.0763 

0.0029 
0.  0025 
0.0065 
0.0010 

0.0002 
0.UO04 
0.0004 
0.0001 


3.25         3.25     138.76         13a  76       0.00003 


L28  ,      L  28  I  133.04 


I 


2.45 
2.55 

3.15 
0.20 

0.63 

0.50 


105.  03 
109. 25 

134.54 
10.19 

2^32 

22.84 


133.04 


105.03 
100.  25 

134.54 
10.19 


0.00003 


0.  00008 
0.0UO1 

0.00001 
0.00001 


28.  32       0. 00001 


0.65  I    29.16 


L30 
L40 

L75 
1.30 
LOO 

0.60 
0.45 
0.90 
0.70 

0.40 
L70 
0.95 
0.80 

0.80 
L95 
L50 


56. 56 
60.78 

75.53  ! 
56.56  ! 
4a  91  ' 

12.38  ! 

A  82  ! 

16.50  , 

13.09  ' 

6.83 
30.29  I 
17.35  . 
14. 79  ' 
I 
14.79 
34.98 
26.74 


22.84 
29.16 

56.56 
60.78 

75.53 
56.56 
43.91 

12.  .38 

8.82 

16.50 

13.09 

6.83 
29.59 
17. 35 
14.79 

14.79 
33.84 
26.74 


0.00001 
0.00001  I 

0. 00003 
0.  O00O3 

I 

0.00003  , 
0. 00013 
0.00003 

0.00004 
0.00006 
0. 00002 
0.00004  j 

0.00002  ' 
0.0004 
0.0001 
0.00004  I 

0.00004 
0.0004 
0.  0001 


V 

a 


X 

if 


0.91 


L37 
0.79 

0.24 
0.05 

0.16 

0.02 
0.14 

0.20 
0.47 

0.47 
0.94 
0.40 

0.24 
0.19 
0.20 
0.18 

0.11 
L89 
0.74 
0.18 

0.24 
2.34 
0.59 


Ft.  lbs. 
66.14 
16.10 
27.64 
37.51 

383.45 
373. 46 
306.32 
410. 10 

180.29 
122. 29 
210.  65 
187.68 

34.57 
30.11 
63.  21 
15.51 

5.91 

11.11 

5.80 

3.02 


0.76 


Remarks. 


Defective  bar. 
Defective  bar. 
DeftH'tive  bar. 
Defective  bar. 


Inches. 
0.975 


0.980 


0.970 

* 

0.975 
0.945 

0.930 

0.935 
0.935 

0.930 
0.925 

0.960 
0.950 
0.970 


©•a 

II 

«  Q 

lis 


36.56 


34.51 


28.10 
*24. 15 

35.44 
2.95 

&60 

6.82 
a  71 

17.17 
ia75 

20.84 
16.11 
1L75 
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RECORD  OF  TESTS  BY  TORSIONAL  STRESS— Continued. 


■ 

' 

1 

s 

1 

1 

1 

Ordinate. 

Toraional  mo- 
ment 

.2  c 

i 

i 

5« 

t 

1 

1 

• 

• 

a 

S 

a 

.2 

Remarks. 

1  1 

'S 

o 

a 

3 

a 

3^ 

a 

s 

t 

be 

'3 

*.a 

•3 

'Sj 

Z^ 

*• 

0 

a 

90 

.^^H 

eS 

.^3 

0*5! 

SZ5 

< 

Degrees 

1^ 

< 

S 

< 

P* 

P< 

Sq.  in. 
0.26 

Inches. 

Inches. 

FL'Vbs. 

Ft.-lb». 

Ft.  lbs. 

' 

46  A.. 

3.5 

0.95 

0.95 

17.35 

17.35 

0.0002 

0.84 

g 

B  .. 

2.73 

16 

1.90 

1.80 

33.50 

31.29 

0.0038 

8.45 

o 

C  .. 

0.87 

6 

1.85 

1.80 

32.71 

31. 29 

0.0005 

2.71 

•fS  J 

D.. 

0.39 

4 

1.55 

1.45 

27.59 

25.88 

0.0002 

1.24 

47  A.. 

0.18 

3 

0.95 

0.90 

17. 35 

15.98 

0.0001 

0.60 

B.. 

1.70 

13 

1.55 

1.10 

27.59 

19.49 

0. 0025 

5.32 

^A 

C  .. 

1.08 

10.5 

1.40 

1.12 

25.  03 

10.73 

0. 0016 

3.33 

D.. 

2.11 

16 

1.55 

1.30 

27.59 

23.33 

0.  0038 

0.60 

. 

'  48  A  - . 

6.75 

53 

1.35 

1.07 

24. 18 

18.97 

0.0409 

21.16 

B.. 

8,51 

64 

1.43 

1.15 

25.54 

20.34 

0. 0592 

2&62 

(•H 

C  .. 

7.97 

63 

1.35 

1.10 

24.18 

19.48 

0.  0574 

24.99 

g 

D.. 

6.05 

46 

1.43 

1.05 

25.54 

1&63 

0.0310 

1&93 

49  A.. 

10.73 

125 

I      1.00 

0.60 

18.21 

12.38 

0.  2103 

34.44 

B  .. 

15.30 

186 

0.90 

0.50 

16,50 

9.67 

0.4245 

49.26 

C  .. 

19.  24 

180 

1. 45 

0.60 

25.89 

12.38 

0. 4U14 

60.88 

Rapid  motion. 

D.. 

18.02 

221 

1.03 

0.50 

18.71 

9.67 

0.5662 

58.06 

50  A.. 

22.45 

325 

0.82 

0.55 

15.22 

10.  53 

1.'0352 

73.32 

1 

If 

B.. 

21. 33 

348 

0.80 

0.30 

14.79 

6.26 

1. 1453 

70.45 

o 

C  .. 

2.').  92 

350 

1.00 

0.40 

18.21 

6.83 

1.1550 

84.15 

^ 

D.. 

28.28 

424 

0.80 

0.30 

14.79 

6.26 

1.5400 

92.66 

*  Kectau^lar  section  0.970"  X  0. 975",  redaced  to  atandai-d  sootion  by  the  formula^- 
V  =  -  -  *-T_r —  =■  V  X  .221.    V  =  value  of  specimen  tested,    b  =*  side  of  square  specimen,    r 

4.242 


0.3125. 


RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 
Mechanical  Laboratory,  Department  of  Skoinrering,  Stevens  Inbtitutb  op  Tbchnolooy. 

TABLE  CXCIX.— BAR  OF  CAST  COPPER. 

Orieinal  mark:  No.  53. — Material:  Copper  cast  in  iron  mold.— Dimensions :  Length  between  supports, 

1  =  22'^    Breadth,  1. 0".    Depth,  1.0". 


Load. 

Deflection. 

A 

Set. 

Pounds. 
13 

IneJies. 
0.0053 
0.0095 
0.0165 
0.  0*245 
0.0315 
0.0335 

""'O.' 0.385*' 
0. 04U5 
0. 0590 

""o.'oeso" 

0.0735 
0.0830 

Incfies, 

S3 

43 

63 

83 

93 

3 
113 

0.0085 

l.SS 

193 

3 
313 

0.0100 

S253 

893 

............ 

Modnlas  of 

elasticity. 

PP 

4  A  bd» 


6.  599.  433 
6,  444.  84L 
6.  937, 333 

6,  845, 142 
7.014,158 

7,  390,  Od9 


7, 813, 142 
8,337.114 
8, 707, 913 


9. 000, 094 
9, 1«3, 075 
9. 397, 187 


Load. 


Deflection. 

A 

Set 

Modnlns  of 

elasticity. 

P«' 

4  A  &cP 

Inches. 

Inches. 
0.0150 

0.0970 

in.  443.f«fH) 

0.1130 

9.258.107 

0. 1.305 

............ 

8,832.536 

0. 1765 

0.2375 

0.3335 

1  

0.46 

1 

0.84 

1.38 

Pounds. 
3 
343 
393 
433 
493 
543 
593 
643 
743 
843 

893  Broke  in  anplylng  strain. 

Brealcing  load,  about  86»  poaods. 

Modulus  of  rupture,  B  =  ?  ^  =  28,380. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

Mechanical  Laboratort,  DsrABTHSNT  of  Engiitbiering,  Stevens  Ixbtitute  op  Technology. 

TABLE  CC— BAR  OF  CAST  COPPER. 

Original  mark :  No.  54.— Material :  Copper,  oaat  In  iron  mold.— Dimensions:  2  =  32'\    6  =  1".    d  —  l". 


Deflection. 

lOaQ. 

A 

undt. 

Ineheg, 

13 

0. 0035 

33 

0.0046 

43 

0.00!«8 

rs 

0. 0165 

93 

0.0210 

143 

0.0370 

193 

0.0620 

243 

0. 1120 

3 

293 

0.2400 

343 

0.4700 

393 

0.8U 

Set. 


Inches. 


0.0560 


Modnlas  of 
elasticity. 

4  A  W» 


13. 842. 400 
i:i,  310, 000 
11,680,204 
11,777,333 
11.788,856 
10, 888, 270 
8, 551,  503 


Load. 


Deflection. 


Set. 


Pounds. \     Inches. 


443 
409 
543 
593 
643 


L83 
1.68 
8.13 
3.90 


Inches. 


Modolnn  of 

elasticity. 

PP 

4  £,  bd* 


Tlie  snpports  slid  from  under  the  bar  as 
it  bent  nnder  the  load.    The  pl<^ce  was  afterwards 
bent  by  presaare  at  the  ends  till  the  ends  touched 
without  Dreakinj(. 
Breaking  load,  F=6I3  pounds. 

Modulus  of  rupture,  R  =  i?Zi= 31,319. 

it  bit* 


TABLE  CCL-BAR  OF  CAST  COPPER. 

Original  mark :  No.  55. — Material :  Copper,  cast  in  iron  mold.— Dimensions :  Length  between  supports, 

I  =  32".    Breadth,  b  =  0.985".    Depth,  d  =  0.970." 


30 

0.0033 
0.0075 
0. 0176 
0.0834 

1 

480 
500 
5 
540 
580 

0.4088 
0.4855 

1 

40 

15, 792. 947        ' 
13.  459,  739 
13,219,331 

80 

0.3C19 



100 

"""'o.'666i'* 

0.6343 
A.  KI7fl 



5 

140 

0. 0337 
0.  0477 
0.0552 

"""o.*667i"' 

0. 0910 
0.1176 
0.1553 
0.8057 

13.301,485 
11,174.068 
10, 7-28. 725 

Ruptured. 

ItV 

580 
680 
730 
800 
840 
860 

0.8653 

1.46 

1.74 

8.39 

3.85 

3.93 

1 

200 

.......••aas|. •••••••. ••••••••• 

............ 

5 

0.0095 

840 

10. 540,  763 
9,111,146 

880 

3-20 

360 

Supports  slid  out. 
Breaking  load,  P: 

Modulus  of  ruptur 

Bar  bent. 

400 

=  860  pounds. 

5 

0. 1114 

440 

0.8883 

®'^"'2M?"^'**^- 

1 

ti  CNt* 

TABLE  ecu.— BAR  OF  CAST  COPPER. 

Original  mark:   Xo.  56.— Material :   Copper  oast  in   iron  mold.— Dimensions :  2  =  22".     b=r 0.972". 

d  =  0.955". 


40 

0.0088 
0.  0191 
0.0361 

14.393,536 
13,  no.  088 
12, 047, 347 

480 
500 
520 
540 
560 
580 
600 
620 
610 

1.30 
1.47 
1.65 
1.81 
8.01 
3.31 
3.41 
3.66 
3.51 

HO 

100 

""o'imh" 

5 

140 

0.0452 
0.0606 
0.0861 

9, 739, 155 
9,  339, 672 
7,303,964 

180 

800 

5 

0. 0402 

840 

a  1392 
0.2247 
0. 3628 
0.5397 
0.7752 

880 

SuDDorts  slid  out. 

Bar  b«nt. 

320 

Breaking  load,  P  =  640  pounds. 

360 

400 

Modulus  of  rapture,  R=- ^=83,824. 

uo<t* 

5 

0.6708 

440 

1.01 

••••,.                         1 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS—Continued. 

Mechahical  Laboratory,  DRrABTtOENT  of  Enqikebrino,  Stevekb  iHsnTUTE  of  Txchxologt. 

TABLE  CCni.-BAR  OF  CAST  COPPER. 

Original  mark:   No.  57. — Material:  Lake  Snperior  copper  oast  in  iron  mold. — ^Dimenaiooa:  Lenxth 

between  sapporta,  J =22".    6=1.010".    d  =  1.010". 


Load. 


Deflection. 


rounds. 

Inches. 

10 

0.0068 

SO 

0.0099 

40 

0. 0148 

80 

0.0332 

100 

0.0280 

3 

150 

'  6.646I 

aoo 

0.0338 

350 

0.0680 

300 

0.0889 

350 

0. 1193 

400 

0, 1670 

3 

420 

0.1908 

450 

0.2798 

500 

0.  4910 

520 

0.5898 

540 

0.  7110 

580 

0.9913 

Set 


Inches. 


0.0084 


0. 0813 


Modiilns  of 
elasticity. 

4  ^  6d* 


5, 168, 758 
6,914,865 
8,  822, 534 
9, 137, 685 


0. 036,  856 
9,511,283 
9.  406,  3H) 
8.  633, 976 
7, 506, 180 
6,  128, 228 


1 1  Load. 


Pounds 

\      600 

'  3 


Deflection. 


Inches. 
1. 1248 


Set 


Hodoloa  of 

elasticity. 

PP 

4  a  W 


Inches. 


0.9810 


ResistaDce  increaaed  in  15  mtnntea  to  10  pounds. 


Decrease  of  set  in 
15  minutes. 


0.9833 
0.0008 


6I1O  1. 1483 

620  1.23 

640  1. 40 

6M)  1.75 

720  2.10 

760  2.48 

800  a  22 

820  3.77 

Bent  without  breaking. 
Breaking  load,  P=ej30  pounds. 

3   PI 

2  bd» 


Hodalos  of  rupture,  R= 


=26,971. 


TABLE  CCIV.— BAR  OF  CAST  TIN. 

Original  mark:  No.  58.— Material :  Queensland  tin  oast  in  iron  mold.— Dimensions:  2  =  32".    5=1.638 

d=  1.033". 


10 

0.0082 

30 

0.  0118 

3 

10 

0.0087 

20 

0  0129 

30 

0.0173 

40 

0.0241 

50 

0.0333 

3 

60 

6.0502 

70 

0.0600 

80 

0.0859 

90 

0. 1416 

100 

0.2109 

3 

100 

6. 2415 

0.0009 


0.0126 


0. 175;{ 


5, 754, 991 


.\  310, 020 
5,635,593 
3,  596,  764 


Resistance  decreased  in  1  minute  to  70  ponuds. 


Resistance  decreased  in  3  minutes  to  69  ponwlib 
Resistance  decreased  in  8  minutes  to  56  poands. 


100 
110 
120 
130 
130 
Cont*d 
Imin. 
140 
150 


\ 


0.3033 
0.  3827 
0. 6403 
0.8001 

1.07 

1.36 


Ran  pressure-sorew  down  slowly  till  de- 
flection was  more  than  3  inches;  the  scale-keam 
vibrating  all  the  time  abont  150  pounds. 

Bent  without  breaking. 

Breaking  load,  P= 150  pounds. 

3  P{ 
Modulns  of  rupture,  R=  -s  t^^ = 4,559. 


RECORD  OF  TESTS  BY  TENSILE  STRESS. 

MxcHAKiCAL  Laboratory,  DErARTMKMT  of  Enoixbbrixg,  Stevens  iNsxiTirrB  of  Tkchkolooy. 

TABLE  CCV.— CAST  COPPER  (FLUXED  WITH  FLUOR  SPAR). 

Original  mark:  No.  51  A.— Material:  Copper  cast  in  hot  iron  mold,  fluxed  with  flnor  spar. —Dimen- 
sions: Length,  6.12".    Diameter,  0.796". 


Load  per 
square 
inch. 

Elongation 
in  6.13 
inches. 

Set 

1 
Elongation  in 
pans  of  orig- 
inal length. 

Fractured  section  elliptical. 
Diameters,  0.770  and  0.780  inch. 
Tenacity  per  sqaare  inch,  original  aection,  14,^40 
pounds. 

Pounds. 

6,980 

8,480 

9,840 

10,700 

11,560 

Inches. 
0.01 
0.02 
0.03 
0.04 
0.06 
0.07 
0.09 
0.12 
0.16 
Broke  1  inc 

Inches. 

.0016 
.0033 
.0049 
.0065 
.0098 
.0114 
.0147 
.0196 
.0261 
md. 

Tenacity  per  sqaare   inoh,  fractured  ssdioa, 
15,412  pounds. 

••*"•*•"•• 

1 

11.800 
12,310 

••••••••■• 

1 

13,560 

1 

r 

14,  440 

1 

14,540 

.h  from  C  c 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

MSCHAKICAL  LABORATORr,  DEPARTMENT  OP  ENOIKEBEINO,  STEYBNS  INSTITUTB  OF  TECHNOLOGY. 

TABLE  CCVL-CAST  COPPJEE  (FLUXED  WITH  FLUOR  SPAE). 

Original  mark :  No.  51  B. — ^Material :  Copper,  cant  In  hot  iron  mold  flazed  with  floor  spar.  -Dimen- 
sions :  Length,  6.19".    Diameter,  0.798'^. 


IfOad  per 
aqaare 
inch. 


Pounds, 
8,000 
9,800 

10, 000 

11.400 

li,400 

15,  100 

16.300 

17,040 

lt<,000 

19.400 

SO,  000 
0 

90,400 

SO.  440 
Broke  at  D  end. 


Elongation 
in  6.19 
inches. 


Inchss. 
0.01 
0.09 
0.03 
0.07 
O.ll 
0.17 
0.113 
O.LHS 
0.30 
0.36 
0.40 


0.44 
0.46 


Set. 


Inehu. 


0.40 


i. .. 


Elongation  in  , 

fiartfloforig-  , 
nal  length.    ' 


.0016 
.  003a 
.0048 
.0113 
.0178 
.0275 
.0378 
.0958 
.0485 
.0581 
.0646 


.0710 
.0743 


Diameter  of  fhictured  section,  0.763  inch. 

Tenacity  per  square  inch,  original  section,  30,440 
ponnds. 

Tenacity  per  square   inch,  fractured   section, 
22,353  pounds. 

The  following  measurements  were  made  of  the 
diameter  of  the  piece  after  breaking : 

Inehen. 

At  fractured  section 0.763 

\  inch  from  fractured  section 0. 765 

1  inch  from  fractured  section 0.  *66 

2  iocbes  from  fractured  section 0. 766 

3  inches  from  fractured  section 0. 765 

4  inches  from  fractbred  section 0. 7G6 

4^  inches  from  fractured  section 0. 767 

5  inches  from  fractured  section 0. 768 

6  inches  from  fractured  section 0  76H 

64  inches  from  fractured  section 0. 774 


TABLE  CCVIL— CART  COPPER, 

(^iginal  mark :  No.  52  A.— Material :  Copper  ca«t  in  iron  mold.— Dimensions :  Length,  .V95".    Diame- 
ter, 0.798". 


Load   per  i  Elongation 
square        in   5.95 


inch. 


Pounda. 

dOO 

1,800 

3.800 

3.700 

200 

4,000 

4,H00 

200 

6.100 

7,100 

7.700 

200 

8,000 

8.950 

9.800 

200 

10..V)0 

inches. 


Inches. 
0.0008 
0.0012 
0.  002:J 
0.0037 


0.0066 
0.0080 
0.0093 


0.  0102 
0.  0129 
0.0158 


0. 0195 


Set. 

! 

Elongation  in 
parts  of  orig- 
inal length. 

Ifiehes, 

.0001 

'«•••■«•■*• 

.0002 

.0004 

0.0009 

.0006 

.0007 

.0008 

0.0004 

.0011 

>..•••■.... 

.0013 

6.'6oaa" 

.0016 

.0017 

.0022 



0.0084 

.0027 

.0033 

h 


Load  per  |  Elongation 
square  .  i  n  5.95 
inch.        i      inches. 


Pounds.         Inches. 

11,700  0.0272     .0046 

12,000  0.0315      .0053 

200     

19.400  ;        0.0373    , 

i:i,450  0.0139    ; 

900  ' .|    0.0353 

14,01.0        ao5io  ; 

14,850  0.0628      

16,000    :        0.0853      

200      1    0.0743 

16,940    i        0.0953    I .0160 

Broke. 

Diameter  of  fractured  section,  0.775  inch. 
Tenacity  per  square  inch,  original  section,  16,940 
pounds. 

Tenacity. per  square   inch,   fractured   section, 
17,956  poundd. 


Elongation  in 

{>arrsof  orig- 
nal  length. 


.0063 
.0074 

.0086" 

.0106 

.0143 


45^ 
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RECORD  OF  TESiTS  BY  TENSILE  STRESS— Continued. 
SkfEciiANiCAL  Laboratory,  Drpartmrxt  op  Ehgikrkrin'o,  Strv^ens  Ixstitutr  of  Tscrxoukst. 

TABLE  CCVnL-CAST  COPPER. 

Original  mark :  No.  59  B. — Material :  Copper  oast  in  iron  mold. — Dimensions :  Length,  5".   DiameScr, 

0.79a". 


Load  per 
square 
iucli. 


Poundt. 

1,200 

2,000 

4.000 

8.000 

8.800 

9.ti00 

10,400 

11,900 

12,001 

12.800 

]3,(i00 

14,400 

1.5,200 

1«,00U 

16,800 


Elongation 
iu  5  incliOH. 

Sot. 

Inches. 
0.  Ouia 

Inehet. 

0.0024 

a  0028 

0.  0050 

0.0068 

0.0100 

0.0180 

0.0284 

0. 04t>7 

0. 0658 

0. 09:i2 

0.  1250 

0.  1607 

%0  1984 
*0.  2347 

Elongation  in 
parte  of  orig- 
inal length. 


.0004 
.0005 
.0006 
.0010 
.0014 
.0020 
.0036 
.0057 
.0093 
.0132 
.0186 
.0250 
.  0  J2l 
.0397 
.0469 


Loati  per 
square 
Incli. 


Pounds 
17,600 
18,400 
900 
19.300 
20,000 
20.H00 
21,200 
21.600 


Elongation 
In  5  inches. 


Set. 


Inches. 
U.28.)7 
0.3236 


Inches. 


0. 3122 


Elongation  is 
parts  of  ori)(- 
inal  leagUi. 


.Kill 
.0647 


0.3752     ; .0750 

0.40(*8    I I  .0e<l7 

0.4402      1  .0880 

0.4582     I I  .0916 

Broke  in  middle. 
Fractured  section  ellipticaL  Diameters,  0.715sDd 
0.707  inch. 

Tenacity  per  square  inch,  original  sectioa,  21.600 
pounds. 

Tenacity  per   square   inch,  fractured  aectioo, 
27,204  pounds. 


TABLE  CCIX.-CAST  COPPER. 

Original  mark:  No.  53  A.— Material :  Copper  cast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798'. 


Load 


per 
square 
Inch. 


Pounds. 
12,800 
13,600 
14,400 
15,200 
16,000 
16,800 
17,600 
18,000 
18,400 
18,800 


Elongation 
in  5  inches. 

Set 

Elongation   in 
parts  of  orig- 
inal leugth.    , 

Inches. 
0.0135 

Inches. 

1 
end. 

.0027 
.0033 
.0045 
.0062 
.00-4 
.0107 
.0133 
.0149 
.0163 

0.0167 

.......... 

0.0225 

0.0310 

0.  0421 

0.05:»5 

0.0664 

0. 0744 

0.0818 

Broke  1  inc 

>h  from  A 

Diameter  of  fractnred  section,  0.780  Inch. 

Fractured  surface  spongy,  full  of  blowholes. 

Tenacity  per  square  inch,  original  seoUou,  18,fiO0 
pounds. 

Tenacity  per  square  Inch,  fraotared  section, 
10,6T3  pounds. 


TABLE  CCX.— CAST  COPPER. 

Original  mark:  No.  53  B.— Material :  Copper,  cast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798". 


Broke  at  9,200  pounds  per  square  inch.  The 
piece  bent  while  it  was  being  strained  so  that  the 
elongations  could  not  be  determined. 


The    piece  was  spongy  and  full  of  Uowb<rfei 
throughout. 


TESTS   OF   METALS. 


459 


RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 


HKCHAXXCAL  LabORATOBT,  DSPARTinST  OP  ElCGINKBRINO,  STBVBNS  IXSTriUTB  OP  TBCHX0L?0T. 

TABLE  CCXI.— OF  OAST  COPPER. 

Original  mark :  Ko.  57  A.— Muterial :  Copper  cast  In  iron  mold.— Dlmonaioas :  Leoncth,  5^'.    Diameter, 

0.798". 


h?cS.         '^"Sinohee. 


PountU. 

1,U00 

3.000 

3,000 

iOOO 

5,000 

6.000 

7.000 

B,000 

240 

9,000 

10,000 

11.000 

12.0U0 

940 

IS,  000 

14,000 

15,000 

16.000 

«40 

17.000 


lnehe», 

0.00U9 
0  00 18 
n.0066 
0.0089 
0  0113 
0. 0137 
0.016ri 
0.0-^05 

"6. 64:14" 

0. 0*279 
0.0335 
0. 0402 


0. 04U2 
0.0fi27 
0.0798 
0.  1041 


a  1277 


Elnnjration      in 

Sot. 

partR  of  orig- 

lual  leugtb. 

1  Inchei. 

' 

.0002 

' 

.OOOd 

.0013 

.0018 

1 

.  W\-i\ 

.0027 

.0034 

1 ....... . 

.0041 

0.  0089 

' . . . . 

.0047 

.  • • •   ... 

.  00.16 

1 . . ..  ... 

.0067 

.0080 

'  0.0324 

.0098 

1 

.0125 

.0160 

.0^08 

6.0964 

.0235 

square 
inch. 


Elnn<:;ation 
iu  5  iuubee. 


I  Elooratlon     in 
Set.    '      parts  uf  orig- 
inal lenj^th. 


Pounds. 

Inehe». 

18,000 

0.1507 

19.000 

0.1806 

90,000 

0. 2122 

240 

21.000 

0. 24.55 

£2.000 

0.8H28 

23,000 

0.  .1205 

24,001 

0.3686 

240 

2:^.000 

0.4180 

26,000 

0.46:0 

In<^et. 


0.2009 


.0301 
.0361 
.  0424 


0.3.551 


1              .0191 

<              .0566 

.0641 

'              .  0737 

.OfiSI 

.0934 


Broke  in  middle. 

Diameter  of  fraotared  section.  0.738  inch. 

One  clIipticMl  blowhole  in  fractured  sarfaoe. 
DiaineterM,  0.48  and  0.08  inch. 

Tenacity  per  square  inch,  original  section, 
26^00  pounds. 

Tt*naoitv  per  sqnare  inch,  ftikotured  section, 
30,:i9^  pounds. 


TABLE  CCXIL-CAST  COPPER. 

Original  mark:  No.  57B. — Material:  Copper  cast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798". 


iMd 


«Qua1?S    Elon^at'on 
?,^°»'«    in  5  inches. 


Poundt. 

1,000 

2,000 

3.000 

4,000 

5.000 

6.00c 

7.000 

8,000 

240 

P,000 

10,0110 

11.000 

12,000 

240 

13.000 

14,000 

15.000 

16.  Olio 

240 


Inehei. 
0.0004 
0. 00.32 
0.0064 
0.0093 
0. 0116 
0.  0144 
0. 0170 
0.0201 


0.  0227 
0.0^63 
0.  ai2l 
a  0371 

0*0428" 
0. 04'!5 
0.  05.'>4 
0.0652 


Set. 


Elongation      in 

f»arts  ot  orig- 
nal  length. 


Inches. 


0.0037 


0.0253 


.0001 
.0:106 
.0013 
.0019 
.0023 
.0029 
.00)4 
.0040 


.0045 
.0053 
.0064 
.0074 


.0086 
.0097 
.0111 
.0130 


Pounds. 
17,0uO 
18.000 
19.000 
20.000 

240 
31,000 
22.000 
2.i.000 
24,000 

240 
35.000 
26,000 
39,82q 


Elongation 
in  5  inches 

Set. 

Inches. 
0. 0779 
0.0951 
0.1142 
0. 13!'8 

Inches. 

o-'isii" 

6.'2933' 

0. 1702 
0.2128 
0. 3444 
0.3020 

""  6.'3.585 

Elongation     in 

{larUH  of  orig- 
nal  length. 


.01.56 
.  0190 
.02-28 
.0278 


.0340 
.0406 
.0489 
.0601 


.0717 


Measuring  apparatus  slipped. 
Brolce  2  incht's  from  B  end. 
Diameter  of  fractured  section,  0.724  inch. 
Tenacity   per   square    inch,  original    seolion, 
29,820  poondti. 

Tenacity  per  square  inch,   fractured   section, 
36317  pounds. 


4fi0 


TESTS   OF   METALS. 


RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

MBCHASICAL  LiLBOBATORT,  DBPABTUENT  OF  EXOINBBRINO,  StBYBMS  InSTITUTB  OF  TSCHNOLO(iT. 

TABLE  CCXIIL— QUEENSLAND  TIN.  OAST. 
Original  mark :  No.  58  A.— Material:  Tin  east   in  ir<m  mold.     Blmenaions:   Length.  5".    Diameter 


Load  per 
square 
inch. 


Pounds 
400 

mo 

801) 
1,000 

240 
1,200 
1,400 
1,600 
l.dOO 
2.000 

240 
2,000 


Elongation 
InSiuchea. 


IncheM. 
0. 0U02 
0.0027 
0.00dl 
0. 0175 


0.0309 
0.  0433 

0.  o^n 

0.0630 
0. 0745 


0.0860 


Set. 


Jne?ies. 


0. 0159 


0. 0756 


2,000  pounds  per  square  inch 


Elongation  in 
paits  of  origi- 
nal length. 


.00004 
.0005 
.0016 
.003.^ 


.00f!2 
.OOHli 

.ovoa 

.0128 
.0140 


.  0172 
kept  constant  for 
14  minutes,  elongation  increasing  as  ibllows : 
Minutes. 


1 
2 
3 
4 
5 
6 


0.  1070 
0.1156 
0.1298 
0.  )437 
0.1580 
0.1709 


Load  per 
square 
inch. 


Elongation 
lu51ucbes. 

Set. 

Elongation     in 
parts  of  origi* 
nal  length. 

Inches. 
0.  1861 

Pounds 

0. 1997 

• 

0. 2176 

0. 23;28 

0.  249U 

0.2687 

0.29'^9 

0.3311 

Minutes. 

7 

8 

9 

10 

It 

12 

13 

14 

Eesitftance  reduced  to  1,700  pounds  per  sqoare 
inch,  and  a  crack  was  obserred  ou  one  side. 

1,700  lbs.  0.3610       ;  .0722 

1  min.  0.4315    , ,  .0863 

Resistance  decreased  gradually,  ani  piece  broke 
2  inches  from  A  end. 

The  fractured  surface  had  an  irregular  booiid- 
ary  nearly  elliptical;    two  diameters   measured 
0.580  and  0.685  inch 

Tensile  strength  per  squ^ire  inch,  original  sec- 
tion, undpr  slow  strain,  2,000  pounds. 

Total  time  of  test,  30  minutes. 


TABLE  CCXIV.-QUEENSLAND  TIN,  CAST. 

Oiiginal  mark:  No.  58  B. — Material:   Tin  ca<t  in  iron  mold.    Dimensions:  Lensfth,  5".    Diameter, 

0.70d". 


Load   per 

Elongation 

square 
inch. 

in  5  inches. 

Pound*. 

Inches. 

400 

0.0005 

600 

0.0029 

800 

0.0051 

1,000 

0.0108 

1.200 

0.0184 

1,400 

0. 02^3 

1,600 

0. 0:)94 

1.800 

0. 0484 

2,(H)0 

0.0566 

240 

Set. 


Ijiehes. 


0.0557 


Elongation  in 
parts  of  origi- 
nal length 


.0001 
.0006 
.0010 
.  002i 
.0037 
.0059 
.0079 
.0097 
.0113 


Load 


per 
square 
inch. 


Elongation 
in  5  inches. 


Pounds. 
2,000 


Inches, 
0.0631 


Set 


Inches. 


Elongation  in 
par  is  of  origi- 
nal length. 


.0196 


Stress  kept  constant  for  2  minutes. 

1  min.  0.0724    f .0145 

2  rain,     i        0.0821     > .0164 

Increased  stress  rapidly  for  1  minute,  and  piece 

broke  at  3..')20  pounds  per  square  inch. 

Total  time  or  test.  8  minutes. 

Diameter  of  fractured  section  0,542  inch. 

Tensile  strength  per  square  inch,  original  section 
under  rapid  strain,  3,520  pounds. 
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TESTS  BY  TORSIONAL  STRESS  OF  EXTRA  PIECES  OF  COPPER  AND  TIN. 


Calculatbd  fbom  tbb  Autographic  Stbain  Diagrimb. 
TABLE  CCXV.— LAKE  SUPERIOB  COPPER. 


Xa 

Area  of 
diagram. 

Auj;le  of 
tonion. 

Maximum 
ordimftte. 

Ordinate 

at  elaatlo 

limit. 

Maximum 
torsioDal   , 
moment. 

1 

Toraional 
momeotat 

elastic 

Umit. 

Extension 

of  exterior 

fibie. 

1 

1 

Resilience. 

Sq.  inches. 

o 

Inches. 

Inches. 

FL  pounds. 

Ft.-poundt. 

1 

FL-pounds. 

51  A.. 

6.90 

138 

0.65 

0.18 

87.19 

32.00 

0.21D6 

165.65 

B... 

81.18 

135 

1.90 

0.70 

134. 38     , 

52.94 

0.2418 

363.58 

C... 

10.56 

16d5 

0.80 

0.35 

104. 81     ! 

51.96 

0.3.'W2 

348.74 

D... 

5.99 

113 

0.85 

0.20 

110.68 

34.34 

0. 1747 

129.81 

KA... 

13.16 

185 

1.05 

0.15 

134. 17 

28.47 

0.4S06 

301.75 

B  .. 

8w75 

109 

0.96 

0.41 

100.78 

43.64 

0.1634 

199.97 

D.. 

15.63 

170 

1.30 

0.27 

124.97 

31. 22 

0.3637 

353.53 

53  A... 

7.58 

82 

1.15 

0.35 

119.93 

39.28 

0.0954 

170.88 

B... 

9.72 

47 

0.80 

0.33 

84.65 

39.28 

0  0323 

64.63 

C... 

S.70 

40 

O.flO 

0.40 

84.65 

44.33 

0.0335 

62.91 

D... 

S.70 

39 

0.85 

0.40 

89.69 

44.32 

0.0224 

63.73 

57  A... 

4.39 

72 

0.70 

0.20 

74. 57 

34.16 

0. 0743 

80.49 

B... 

1\.44 

160 

1.15 

0.50 

119.93 

54.41 

0.  .3272 

383.76 

C... 

7.84 

98 

1            0.95 

0.40 

99.77 

44.32 

0. 1339 

144.  75 

D... 

1        0.35 

115 

1.00 

1 

0.30 

104.81 

34.24 
3  TIN. 

0.1804 

172.  49 

TABLE  C 

CXVL— QU 

EENSLANl 

58B... 

34.78 

619 

0.65 

0.20 

11.73 

4.08 

8.5211 

176.21 

C... 

65.55 

818 

0.95 

0.25 

16.84 

•     4.93 

3.  5722 

291.04 

D... 

38.00 

637 

0.60 

0.20 

10.  e8 

4.08 

8.6154 

158.20 

RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 

MicHAincAL  Laboratory,  Drpaictmrtvt  op  Enoinrrrino,  Strvrnb  Inbtitutr  op  Tschnoix)oy. 

TABLE  CCXVIL— ALLOY  OP  COPPER  AND  TIN. 

Orjj^nal  mark:  No.  31.— Material:  Alloy.— Ori^nal  mixtare:  97.5  Ca,  8.5  Sn.— Analysis:  99.03  Ca, 

0  87  Sn.— Dimensions:  Length,  2".    Diameter,  0.025''. 


Load. 

Pounds. 

150 

2,000 

4,00) 

6.000 

8.000 

10.000 

12,000 

14.000 

Compres- 
siou. 


Load  per 
square 
iucb. 


Inches. 
.0000 
.0018 
.0093 
.0302 
.06n9 
.1077 
.1662 
.3601 


Pounds. 


6,519 
13,  OM 
19,  557 
36,075 
32, 595 
39,114 
45,633 


Compression  in 

[larta  of  orig- 
nal  lengtli. 


Load. 


.0<H)9 
.0046 
.0151 
.0.105 
.05:)9 
.0831 
.1300 


Pounds 
16,000 
18,000 
20,000 
22.000 
24,0J0 
25,000 


Compres- 
sion. 


Inches. 
.3951 
.5176 
.6156 
.7266 
.8483 
.8801* 


Load  per 
square 
iuch. 


CompresAion  in 
partH  of  orig- 
inal length. 


Pounis. 

52,  l.'>2 

.1975 

58,671 

.2588 

65,  i>e8 

.3078 

71,  709 

.3«i<3 

78,228 

.  4242 

81,4:i5 

.4100 

*  Wedge  cracked  off  at  the  top. 


CCXVin.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  32.— Material :  Alloy.— Original  mixture:  92.5  Cn.  7.5  Sn  —  Ana^'sis :  94.11  Cn, 

5.43  Sn.— Dimensions:  Length,  2' \    Diameter,  0.625". 


ISO 

.0000 
.0000 

• 
1 

23,000 
24,000 

.4584 
.5151 

71.  709 
78,  2-28 

.2292 

3,000 

6,519 

••••••  ........••., 

.2.'i75 

4.00O 

0000 

13,0;18 
19, 557 

26,000 
28,000 

.5778 

84,  747 
91,266 

.28:^ 

6^000 

.0002 

.0001 

.6393 

.  3197 

(1,000 

.0108 

36.075 

.0054 

30.001 

.7000 

97,780 

.3.')00 

10.000 

.0511 

32,505 

.0-255 

3-2,000 

.7499 

104.303 

.  3749 

12.000 

.1219 

39,114 

.0609 

34,000 

.8033 

110,8-22 

.4016 

14,000 

.i9:rr 

45,633 

.0968 

36,000 

.8447 

117.341 

.4223 

16,000 

.3648 

5*2, 152 

.l:«4 

38,000 

.8918 

123.860 

.44^ 

18.000 

.3310 

56,671 

.1653 

40,000 

.93:M) 

130,  379 

.4665 

»,000 

.:i951 

65.188 

.1975 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Laboratory,  Department  op  Enginxrring,  Stevens  Institijtx  op  Technologt. 

TABLE  CCXIX.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ko.  33.— Material :  Alloy.— Orifdnal  mixtnre:  87.5  Cn,  \i.S  So.— Analysis:  63.40  Co. 

11.59  Sn.—Dimeusiuiitt:  Length,  2".    Diameter,  0.025". 


Load. 


Pounds 

150 

4.000 

6,000 

t),000 

10.000 

12,000 

14.000 

16.000 

18.000 

SO,  000 

82,000 


Compres- 
sion. 


Inches. 
.0000 
.0014 
.0058 
.0170 
.0374 
.0711 
.1166 
.1636 
.  2102 
.2564 
.2991 


Load  per 
square 
inch. 


Pounds. 


13,03S 
19,557 
26. 075 
32, 595 
39,  114 
45. 633 
52. 152 
58.671 
65,18d 
71, 709 


Compression  iu 
parts  of  orig- 
inal length. 


.0007 
.0029 
.  0085 
.0lt«7 
.0355 
.05  3 
.0818 
.1051 
.  1282 
.1495 


II 


Load. 


Pounds. 
24,000 
26,000 
88,000 
:M.  000 
32,000 
34. 000 
36.  OUO 
38,000 
40.000 
42, 0(.K) 
44,000 


Compres- 
sion. 


Inches. 
.32.14 
.  .1575 
.4019 
.4412 
.4815 
.5171 
.5534 
.5905 
.6234 
.6611 
.6911 


Load  per 

Compresnion  in 

square 

parts  of  orig- 
inal length. 

inch. 

Pounds. 

78,228 

.1617 

84,747 

.no 

91,266 

.2009 

97,7»5 

.8206 

104, 3ai 

.8107 

110,  H22 

.8585 

117.341 

.2767 

123,860 

.2952 

130.379 

.3117 

136,898 

.3305 

143,  417 

.3455 

• 

TABLE  CCXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  34. — Material:  Alloy.— Original  mixtnre:  82.5  Co,  17.5  Sn. — Analysis:  02.78  Cu, 

17.33  Sn.- Dimensions:  Length,  3".    Diameter,  0.625''. 


150 
10,000 
12,000 
14,000 
16,000 
18.000 
20.000 
22,000 
84.000 
26.  OUO 
28,000 
30,000 


.0000 
.0005 
.0044 
.0107 
.0174 
.0268 
.0408 
.  0628 
.0872 
.1128 
.1464 
.1766 


32,595 
39,114 
45,633 
52, 152 
58, 671 
65,188 
71,709 
78,228 
84, 747 
91,866 
97,785 


.00025 

.0022 

.0053 

.0087 

.0134 

.0204 

.0314 

.0436 

.0561 

.  073-2 

.0883 


32,000 
34,000 
36,000 
:18,000 
40,000 
42,000 
44,000 


.8111 
.2381 

.8704 
.3088 
.3396 
.3821 
(*) 


104,303 
110.822 
117,341 
183,  e60 
130. 379 
136,898 
143,417 


.1055 
.1190 
.1358 
.1544 
.1694 
.1910 


*  A  wedge-shaped  piece  slid  off  at  the  top,  and 
I  a  piece  cracked  off  at  the  bottom ;  it  was  alsa 
,  I  cracked  badly  at  the  middle. 

I 


TABLE  CCXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  35.— Material:  AUoy.—Original  mixtnre:  77.5  Cn,  5>2.5  Sn.— Analysis :  77.56  Ca, 

22.25  Sn.— DimeLsions:  Length,  2".    Diameter,  0.625". 


150 

.0000 

.34.000 

14,000 

.0309 

45, 633 

.00045 

,  36,000 

16,000 

.0029 

52,152 

.00145 

1  38,000 

18.000 

.0045 

58.671 

.00225 

40. 000 

80.000 

.0070 

65.188 

.0035 

42,  OUO 

82.000 

.OOi'i 

71.709 

.0046 

44,000 

24,000 

.  0120 

78,  228 

.0060 

46,  000  ' 

26,000 

.0155 

84,747 

.0077 

28,000 

.U190 

91.266 

.0095 

The  speci 

30,000 

.0260 

97,785 

.0130 

H%d  to  SCO 

3-2,000 

.0342 

104, 303 

.0171 

macbiu 

e. 

.0447 

110,828 

.0221 

.0814 

117.341 

.0307 

.0807 

1'23,  860 

.0403 

.100ft 

130,  379 

.0503 

.1212    ; 

136, 898 

.0006 

. 1537     ' 

143,417 

.0768 

.8027    1 

149, 932 

.1013 

The  specimen  was  cracked  a  little  at  the  top. 
H%d  to  scop  on  account  of  the  capacity  of  the 


TABLE  CXX1I.-ALL0Y  OP  COPPER  AND  TIN. 


Original  mark:  No.  43.— Material :  Alloy.— Original  mixtnre:  37.5  Cn.  62  5  Sn.— Analysis:  37.10  Cn, 

62.9  bn.— Dimensions :  Length,  2".    Diameter,  0.625". 


Load. 


Pounds. 
150 
8,000 
4,000 


Compres- 
sion. 


Inches, 
.0000 
.0051 
(•) 


Load  per 
square 
inch. 


Pounds. 


Compression  in       *  The  bottom  of  the  specimen  all  crumbled  away, 
parts  of  orig- 
nal  length. 


0085 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Coutiiiued. 

MlCHAjriCAL  LABOBATORT,  DBPARTMBKT  of  EnoINEBBIXO,  STBVBNS  IN6T1TUTE  OP  Tbchnoloot. 

TABLE  CCXXUL— ALLOY  OF  COPPER  AXD  TIJT. 

Original  mark:   No.  44.— Material :   Alloy.— Orlsinal  mixture:  32  5  Cu,  69.5  Su.— Analjaia:  30.76  Cu. 

69.19  Sn.— Dimenaions:  Length,  2".    Diameter,  0.625". 


lioad. 


J'ound*. 

150 

3,000 

4.000 

5,000 


Compres- 
sion. 


Inekeg. 

.0000 

.0010 

.0061 

Lifted  the 

beam. 


Load  per  Compression  In 
sqnare  pa'ts  of  nrig- 
inch.  inal  length. 


Pounds. 


9,T7e 
13.038 
16,297 


.0005 
.0040 


Broke  by  a  wedge-shaped  piece  sliding  off  of  the 
top ;  the  bottom  cracked. 


TABLE  CCXXIT.— ALLOY  OF  COPPER  AND  Tlj^. 

Original  mark :  Na  45.— Material:  Alloy.— Original  mixture :   27  5  Cu,  72.5  Sn.— Analysis :  26.62  Cu, 

73.18  Sn.— Dimensions:  Length,  2".    Diameter,  0.625' . 


150 
S,000 
3,000 
4,000 
5,000 


.0000 
.0019 
.0062 
.0182 
Lifted  the 
beam. 


6.519 

9,778 

13,038 

16,297 


Crushed  by  having  a  wedge-shaped  piece  slide 
oat  of  the  middle  of  the  specimeo. 


TABLE  CCXXV.— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  46.— Material :   Alloy.— Original  mixture :  22.5  Cu,  77,5  Sn.— Analysis :  22.10  Cn, 

77.5d  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 
1,000 
8,000 
3,000 
4,000 
5,000 


.0000 
.04)28 
.0057 
.0103 
.0227 
Lifted  the 
beam. 


3.259 

6,519 

9,778 

13.038 

16,297 


Broke  by  wedge-shaped   piece  sliding  off  the 
specimen  near  the  bottom. 


TABLE  CCXXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:   No.  47.— Material :   Alloy.— Original  mixture:   17.5  Cn,  82.5  So.— Analysis :   16.70  Cu. 

83.23  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 
1,000 
8,000 
3.000 


.0000 

.0006 

.0051 

Lifted  the 

beam. 


3,259 
6,519 
9,778 


.0003 
.0025 


The  specimen  crushed  by  having  a  wedge-shaped 
piece  slide  out  at  the  middle. 


1 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Ladobatory,  Dkpabtmknt  of  Engixeirixo,  Btewnb  InmruTB  of  Tbchsoloot. 

TABLE  CCXXVIL— ALLOY  OF  COPPER  AND  TIK. 

Original  mark:  No.  48.->MRterUl :  Alloy.— Original  mixture:  13.5  Cn,  87.5  Sn.— Analjrais:  11.48 Co, 

8d.*25  Sn.— Dimensions:  Length,  *i".    Diameter,  0.685". 


Load. 


PoundM. 
150 
1.000 
2.000 
3.U00 
4,000 


Compres- 
sion. 


Ineheti. 
.0000 
.0009 
.0176 
.0611 
Lifted  the 
beam. 


Load  per 
sqnare 
inch. 


Paundt, 


3.259 
6,519 
9,778 


Compression  in  ''  The  specimen  was  broken  by  bsvlng  a  wed^ 
parts  of  orlgl-  i  shaped  piece  slide  off  at  the  top  and  at  the  liotUHS. 
nal  length.        1 1 


.00045 

.0OH8 

.0305 


TABLE  CCXXVrtL-CAST  COPPER, 
Original  mark :  NaSlB. — Material:  Cast  copper.— Dimensions :  Length,  8".    Diameter,  0.635". 


Load. 

Compres- 
sion. 

Load   per 
square 

Compression  in 
parts  of  origi- 

i 

Load. 

Coropres- 

1 
Ijoad   per  |  Coropressiw  in 
square  '      psrtsof  ori^- 

inch. 

nal  length. 

Pounds. 

sion. 

iiich. 
Pound*. 

nai  length. 

Pounds. 

Jnehet. 

Pounds, 

Inehes. 

ISO 

.000<l 
.0006 

.  20.000 
'  22.000 

.6461 
.7295 

<      65,188 
'      71. 709 

.3230 

4.000 

13.038 

.0003 

.3647 

6.000 

.0Op9 

19,  .'i57 

.0044 

24.000 

.7936 

78.228 

.396H 

KOOO 

.0573 

86.075 

.0286 

1  26.000 

.8619 

1      84. 747 

.4309 

10,000 

.1560 

32,595 

.0780 

28.U00 

.9258 

91.266 

.4679 

1:2.  000 

.JtiG-* 

39,114 

.1284 

30,000 

.9783 

1      97. 785 

.4891 

14,000 

.360-2 

45,633 

.1801 

32,000 

1.0308 

•     104. 303 

.5154 

16.000 

.4489 

52. 152 

.2244 

Specimen  did  not  show  anj  o 

racks,  but  merely 

le.ooo 

.5511 

58,671 

.2756 

llattenc 

)d  down. 

TABLE  CCXXIX.-CAST  COPPER. 
Original  mark :  No. 53. — Material:  Cast  copper.— Dimensions:  Length,  8".    Diameter,  0.625". 


l.'iO 
6,000 
8,000 
10.000 
12,000 
14,000 
16.000 


0.0000 
.0041 
.0K)5 
.  137-2 
.2375 
.  3547 
.  47.37 


19,557 
8»5, 075 
32,  595 
39,114 
45, 6  i) 
52,152 


.0020 
.0153 
.06;^ 
.1186 
.1773 
.2368 


18,000 

.5770 

5«  871 

.8885 

20,000 

.6815 

65,188 

.3408 

22,000 

.7665 

71,709 

.3833 

24,000  ! 

.7925 

78,228 

..19a 

86,000 

.9025 

84, 747 

.  4512 

28,000 

i 

.9628 

91.966 

.4814 

TABLE  CCXXX— CAST  COPPER. 
Original  mark:  No.  53. — ^Material:  Cast  copper. — Dimensions:  Length,  8".    Diameter,  0.685^. 


18,000 
•20,000 
22,000 
24,000 
26,000 
28,00.i 
30,000 
Flattened  down  without  showing  any  cracks. 


l.'W 

.0000 

4,000 

.0060 

6.000 

.OM-J 

8,000 

.0185 

10,000 

.  0f»5l 

12,000 

.1285 

14,000 

.1777 

16,000 

.2411 

13.038 

.0030 

19,  5.»7 

.0074 

26,075 

.  0-242 

32. 595 

.01-23 

39, 114 

.  0642 

45,633 

.088^ 

52,152 

.1205 

_  —    —    -     — 

~~  ~    ——  —      -  —    — 

.3194 

58,671 

.ism 

.4029 

65,188 

.8014 

.4991 

71,709 

.8495 

.5893 

78,228 

.2946 

.6853 

84,747 

.3426 

.7542 

91,266 

.3871 

.8244 

97. 785 

.4182 

PHOTOGRAPHS  OF  FRACTURES 
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TESTS   OP  METALS. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Laboratory,  Drpautmknt  of  Ekgineiiixo,  Btrvinb  IfltriTurx  of  Trc'HKOLOut. 

TABLE  CCXXVIL— ALLOY  OF  COPPER  AKD  TIK. 

Original  mark:  No.  48.— Matorlal :  Alloy.— Ori^nal  mixture:  12.5  Cn,  ^.5  Sn.— Analyaia :  11.6d  Cu, 

88.25  Sn.— Dimenaions:  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Inehen. 

.(mo 

.0009 

.0176 

.0611 

Lifted  the 

beam. 

Load   per 
Hqnare 
Inch. 

i 
Coropreenion  in         The  specimen  was  broken  by  having  a  wedge- 
parts  of  nrigl-  1'  shaped  piece  slide  oflf  at  the  top  and  at  the  bottom, 
nal  length. 

'1 

PoundM. 
150 

Pound*, 

1 

1 

1,000 
2,000 
3.000 
4,000 

3,259 
6,519 
9,778 

.00045            ,1 
. 00H8               1 
.0305 
II 

il 

'1 

:i 

TABLE  CCXXVm.-CAST  COPPER. 
Original  mark :  Na  51  B.— -Material :  Cast  copper. —Dimensions:  Length,  8".    Diameter,  COSy'. 


Load. 

Compres- 

Load  per 
square 

Compression  in 
parts  of  origi- 

. Load. 

Compres- 
sion. 

I^oad   per 
square 

•  Compression  in 
parts  of  origi- 

sion. 

inch. 

nal  length. 

I 
Pound'. 

inch. 
Pounds. 

nal  length. 

Pounds. 

Inchet. 

Pounds. 

Inehes. 

150 

.000<l 
.0006 

20.000 
22,000 

.6461 
.7295      • 

65,188 
71.709 

.3230 

4.000 

13.038 

.0003 

.3647 

6,000 

.00r9 

19,  .'i57 

.0044 

24.000 

.7936 

78,228 

.3968 

KOOO 

.057  J 

26.075 

.0286 

26,000 

.8619      1 

84, 747 

.4309 

10,000 

.1560 

32, 595 

.0780 

<  28,000 

.9258 

91.266 

.4079 

12.  000 

.256-  . 

39.114 

.1284 

30,000 

.9783 

97,785 

.4891 

14,000 

.3602 

45,633 

.  1801 

32,000 

1.0308 

104,303 

.5154 

16,000 

.4489 

52. 152 

.2244 

Specimen  did  not  show  any  cracks,  but  merely 

1C,000 

.5511 

58,671 

.2756 

flattenc 

)d  down. 

TABLE  CCXXIX.-CAST  COPPER. 
Original  mark:  No.  52.— Material :  Cast  copper.— Dimensions :  Length,  2".    Diamet«r,  0.625". 


l.<50 
6,000 
8,000 
10.000 
12,000 
14,000 
16,000 


0.0000 
.0041 
.0i05 
.  1372 
.2.175 
.3547 
.47.17 


19.557 
an,  075 
32,  595 
3M,  114 
45, 6  :i3 
52,152 


.0020 
.0153 
.(m6 
.1186 
.1773 
.2368 


18,000 

.5770 

5"»,67l 

.2885 

20,000 

.6815 

65,188 

.3408 

22,000 

.7665 

71,709 

.3833 

24.000 

.7925 

78,228 

.3962 

26,000 

.9025 

84,  747 

.  4512 

28,000 

.9628 

91,266 

.4814 

TABLE  CCXXX— CAST  COPPER. 
Original  mark :  No.  S3.— Material :  Cast  copper.— Dimensions :  Length,  8".    Diameter,  0.625". 


L-W 

.0000 

4,000 

.0060 

6.000 

.014-J 

8,000 

.0485 

10,000 

.0851 

12,000 

.1285 

14,000 

.1777 

16,000 

.2411 

13.038 

.0030 

19, 5.^7 

.0074 

26,075 

.0242 

32. 5U5 

.0123 

39.114 

.0642 

45.6.33 

.088^ 

52,152 

.1205 

18.000 
•20,000 
22,000 
24,000 
26,000 
28, 00 ) 
30,000 


.3194 
.4029 
.4991 
.5893 
.68r»3 
.  7542 
.8244 


56,671 
65,188 
71,709 
78,228 
84,747 
91,266 
97, 785 


.9014 
.2495 
.2946 
.3426 
.3871 
.4122 


Flattened  down  without  showing  any  cracks. 


PHOTOGRAPHS  OF  FRACTURES 


QF 


COPPER-TIN  ALLOYS. 


PLATE  No.  1. 


m 


# 


PLATE  No.  2. 


•  # 


0 

33 II. 


PLATE  No.   3. 


37t;. 

a3A. 

3  5  It. 

s 


I9B. 


9. 


^ 


PLATE  No.  4 


PLATE  No.  6 


Si^  ^^.:-ij 


^  i^ 


•"1 


PLATE  No.   6. 


^ 


PALATES   I-XXI 


GRAPHICAL   REPRESENTATIONS 


OF  THS 


PROPERTIES  OF  COPPER-TIN  ALLOYS. 


PLATE 


PLATE 
PLATE 
PLATE 


PLATE  J.— TSBTB  BT  Tbansvebbb  Stbkbs. 

Modulus  of  Rupture  in  Pounds. 

Modulus  at  Elastic  Limit  in  Pounds. 

Total  Deflection  in  Inches. 
PLATE         n.^TssTs  BY  Tembilb  Stress. 

Tensile  Strength  in  Pounds  per  Square  Inch  of  Original  Section. 

Tensile  Strength  in  Pounds  per  Square  Inch  of  Fractured  Section. 

Tensile  Strength  at  the  Elaatic  Limit 

Total  Elongation  in  Parts  of  Original  Length. 

PLATE  in.— TB8T8  BT  TOBSIONAL  STBS86. 

Maximum  Torsional  Moment  in  Foot-Pounds. 
Torsional  Moment  at  Elastic  Limit  in  Foot-Pounda. 
Resilience  in  Foot-Pounds. 
Extension  of  Exterior  Fiber  in  Parts  of  Original  Length. 

lY.— TBSTB  BT  COMPBSSSIVB  STBESS. 

Crushing  Strength  in  Pounds  per  Square  Inch. 

Total  Compression  at  Maximum  Load  in  Parts  of  Original  Length.     ^ 
v.— Mb  AH  Specific  Gravitt. 

YL— Yabiation  of  Analtsbs  from  Original  Comfobitioicb. 
Yn.— Comparison  of  Transverse,  Tensile,  Torsional,  and  Comfrbssivb  Resistancbs. 

Transverse  Modulus  of  Rupture  in  Pounds. 

Tensile  Strength  in  Pounds  per  Square  Inch  of  Original  Section. 

Crushing  Strength  in  bounds  per  Square  Inch. 

Maximum  Torsional  Moment  in  Foot-Pounds. 
PLATE     Ym.— Comparison  op  Transverse,  Tensile,  and  Torsional  Rbsibtances  [Scale Enlarged]. 

Transverse  Modulus  of  Rupture  in  Pounds. 

Tensile  Strength  per  Square  Inch  of  Original  Section. 

Maximum  Torsional  Moment  in  Foot-Pounda 
PLATE        IX.— DucTiLnr  as  Shown  bt  Transverse,  Tensile,  and  Torsion  Tbsib. 

Total  Transverse  Deflection  in  Inches. 

Tensile  Elongation  in' Parts  of  Original  Length. 

Torsional  Elongation  of  Exterior  Fibers  in  Parts  of  Original  Length. 
PLATE         X.— Resilience  under  Transverse  and  Torsional  Stresses. 
PLATE        XL— Moduu  of  Eaasticity  from  Transvbrsb  Tests. 
PLATE      XIL— Specific  Gravitt— Authorities  Compared. 

Authorities:  United  States  Board,  Richo,  Mallet,  Calvert  and  Johnson. 
PLATE     Xm.— Tenacity- AuTuoRmEs  Compared. 

Authorities :  United  States  Board,  Mallet 
PLATE     XIY.— Heat  AND  Electric  CoNDUCTiviTT. 

Heat  Conductivity — Calvert  and  Johnson. 

Electric  Conductivity — Matthiessen. 
PLATE       XY.— Hardness,  Malleability,  Ductilitt,  FusraiLnr. 

Order  of  Hardness — ^Mallet,  Calvert  and  Johnson. 

Order  of  Malleability— Mallet. 

Order  of  Ductility— Mallet 

Order  of  Fusibility— Mallet 


RECORDS  OF  INDIYIDUAL  TESTS. 


PLATE      XYI.— Deflections  bt  Transverse  Stresses.    First  Series  of  Tests. 
PLATE    XYII.— Drflectioks  bt  Transverse  Stresses.    Second  Series  of  Tests. 
PLATE  XYm.— Elongations  bt  Tbxsile  Stresses.    First  Series  of  Testa. 
PLATE      XIX.— Elongations  by  Tenbh^e  Stresses.    Second  Series  of  Tests. 
PLATE       XX.— Compressions  bt  Compressive  Stresses.    First  Series  of  Tests. 
PLATE      XXL-^OMPRESSIONS  BT  COMPRESSIVE  Stressbs.    Seoond  Series  of  TestVi 
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FAC-SIMILE 

AUTOGRAPHIC  STRAIN  DIAGRAMS 

OF 

TESTS    BY   TORSION 

IN   THB 

AUTOGRAPHIC  RECORDING  TESTING  MACHINE 

OF 

PEOF.  E.  H.  THURSTON. 
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TESTS   OF  MBTALS. 


465 


KKY  TO  PLATES  OF  F AC-SIM ILB  AUTOGRAPHIC  STRAIN- DIAGRAMS. 


9 

a 

a 

9 
525 


Naonber  of  plate. 


8 


9 
11 
12 


A 

C 
D 
A 
B 
O 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
D 
A 
A 


13  O 

14  D 


15 


16 


17 
18 


19 


20 


21 
92 


23 


S4 


23 


B 

C 

D 

A 

Ba 

hb 

C 

A 

C 

A 

C 

D 

A 

B 

D 

A 

B 

C 

D 

A 

A 

B 

D 
A 
C 
D 
A 
B 
C 
D 
A 
B 


XXII 

...do 

...do 

...do 

XXIII.... 

XXIV.... 

do  ..... 

XXV  .... 
XXVIII.. 

XXVI  ... 
XXVII... 

xxvin., 

XXIX. ... 

. ...do  ..... 

do 

XXX...., 
....do  ..... 
. ...  do  . . . . . 
. . .  do  .... 

XXXI..., 
. ...do  ..... 
do 

. .  do 

XXXII.. 

do  ..... 

do 

...do  .... 

...do  ..... 

...do  ..... 
....do  ..... 

...do  ..... 
do  ..... 

...do  ..... 

...do  ..... 

...do  ..... 
do     ... 

XXXIII. 

...do  ..... 
....do  ..... 
do  ..... 

...do  ..... 

...do  ..... 
do    .... 

XXXIV.. 
....do  ..... 
....do  ..... 

do  ..... 

....do  ..... 

do  ..... 

....do 

..  do 

..  do  .... 

..  do  .... 

..  do 

....do  

....do  .... 

...do  .... 
....do  .... 

...do 

..  d»    ... 

XXXV  .. 
....do  .... 

...do  .... 

...do  .... 

do  .... 

XXXVI  . 
do  .... 

XXXVII 
...do  ..... 


s 

a 

1 

Vertical  scale  of  tor- 
siuual  moments. 

Equivalent 
Mtandard 
1''  long  X 

scale  for  a 

apeciaaen, 

.635"diam. 

•s 

o 

9 

a 

s 

S^  9 

•'a 
S  »  s 

^  a 
5-2 

lachen. 
0.635 

117.44305 
it 

it 

tl 

it 

tt 

It 

»* 
II 

It 

ti 

It 

It 

II 

It 

41 
11 
II 
II 
It 
II 
II 
tl 
II 
tl 
tt 
tl 
II 
tt 
It 
II 

43. 1.52 

17.011 
it 

II 

ti 

It 
II 
II 

42.  last 

C    17.011 

i    43.153 

17.011 

43.153 

it 

20.18 
it 

'* 

:: 

II 
it 
It 
II 
It 
It 
ti 
•1 
.1 
tl 

14 

li 
II 
II 
ii 
il 
II 
11 

1C.8555 
tt 

It 

•1 

It 

II 

14 
li 
it 
II 
il 
tt 
.11 
II 
li 
II 
II 
.     II 
II 
II 
II 

»• 
II 
II 
tl 
li 
tl 
tl 
II 
II 
li 

1.672 
0.675 

41 
II 
li 
il 
1* 
II 

1.672 
0.675 
1. 673 
0.675 

1.672 

It 

it 

3.156 
it 

11 

II 

il 

14 

il 
•I 
II 
11 
It 
II 
II 
II 
II 
it 
II 
II 
tl 
il 
It 
II 

41 

14 

11 

ii 

tl 

II 

" 

l< 

•4 

tl 

14 

II 

•  4 

tt 

It 

II 

it 

4l 

il 

II 

tl 

II 

14 

II 

II 

tl 

II 

II 

II 

li 

0.970 
0. 955 
0.900 
0.960 
0.955 
O.OiiO 
I"  X  1"  D 

11. 276 
4.768 
5.697 
4.693 
4.768 
4.693 

0.447 
0.189 
0.236 
0.186 
0.189 
0.186 

0.940 
0.945 

1     0.945 

0.890 
0.940 
0.942 
0.WI5 
0.635 

.5.000 
12.196 

^   12.106 

5.886 
12.3E9 
13. 194 
14.353 

0. 198 
0.484 

0.484 

0.234 
0.491 
0.  523 
0.569 

It 

•* 

it 

It 

It 

•1 

It 

II 

" 

.. 

li 

II 

tl 

it 

tl 

II 

It 

It 

li 

it 

It 

1 

It 

1  

H.  Ex.  98- 
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TESTS   OF   METALS. 


Key  to  plates  of  fac-simile  autooraphic  erRAix-DiAOitAMS — Continued. 


6 


96 


27 


28 


99 


30 


31 


33 


33 


34 


35 


36 
37 
38 

39 

4U 

41 


43 


44 


45 


46 


O       I 


a 
55 


Kutnber  of  pUte. 


C 
D 
A 
B 

n 

D 
A 
B 
C 
D 
A 

C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
A 
B 
A 
B 
A 
A 
B 
A 
B 
43  A 


XXXVIII 

do      ... 

XXXIX.. 

do , 

XL 

do , 

XLI 

....Hn , 

XLII 

XLIII.... 
XLIV  .... 

XLV 

XLVI  .... 
XLVn..., 
XLVTII  .. 
XLIX.... 
L 


B 
C 
A 
B 
C 
D 
A 
B 
C 
D 
A 
C 
D 
A 
B 


LI.... 
LII... 
..do. 
LITI.. 
...do 
LIV  .. 
...do  . 
...«*o  . 
...  do  . 
..  do. 
LV  ... 
LVI.. 
...do  . 
LVII. 
...do  . 
..do  . 
LVIII 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
..  do  . 
LIX.. 
...do  . 
...do. 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
..do. 
...do  . 
...do  . 
...do  . 
..do. 
LX  ... 
..  do  . 
...do  . 
...do  . 
...do  . 
. . .  drt  . 
...do  . 
...  do  . 
...do  . 


S 


a 


Inchet, 


Vertical  scale  of  tor- 
sion*! moments. 


0.975 
0.980 
0.970 
.975"  X. 970" 
0.975 
0.945 
0.930 
0.935 
0.935 
0.930 
0.925 
0.960 
0.950 
0.970 
0.695 


•i 


•I 


e  c  4 
fr^  a 


0.635 


It 
it 
II 
ti 
It 
it 
11 
•I 
ii 


117.44995 
20.18 
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KkT  to  plates  of  FAC-SIHILB  AITTOORAFHIC  STRAIN-DIAGRAMS— Continued. 
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SELECTED  PAPERS  ON  THE  METALLIC  ALLOYS. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

NOTE  ON  THE  RESISTANCE  OF  MATERIALS. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.   Read  November  17, 1875. 

iN'ovember  19, 1873,  T  had  the  pleasure  of  presenting  to  the  society  a 
note  (subsequently  published  in  "Transactions"*)  in  which  I  made 
known  the  discovery  of  an  increased  power  of  resisting  stress  which  was 
developed  in  iron  and  steel,  by  their  subjection  to  a  strain  which  pro- 
duced distortion  beyond  the  elastic  limit  and  gave  them  a  set.  This 
was  more  fully  considered  in  a  paper  read  April  4,  1874,t  and  the  phe- 
nomenon more  thoroughly  examined  in  its  bearings  upon  the  practical 
work  of  the  engineer,  and  the  experimental  researches  by  which  its 
nature  had  been  revealed  were  described.  Subsequently  Commander 
L.  A.  Beardslee,  U.  S.  K.,  discovered  the  same  principle  independently 
and  by  a  different  method  of  experiment,  and  since  the  republication 
of  these  facts  in  foreign  periodicals,  experimenters  in  Europe  have  an- 
nounced the  observation  of  similar  phenomena  under  identical  or  sim- 
ilar conditions. 

The  writer,  since  the  announcement  of  this  important  peculiarity  in 
the  behavior  of  metals,  has  made  a  very  large  number  of  experiments 
upon  irons,  steels,  and  on  various  alloys,  as  well  as  other  simple  metals, 
and  upon  many  qualities  of  each.  The  Mechanical  Laboratory  of  the 
Stevens  Institute  of  Technology  has  baen  called  upon  to  test  large  num- 
bers of  specimens  of  commercial  qualities  of  nearly  every  kind  of  metal 
used  as  a  material  of  construction,  and  theso  often  furnished  opportuni- 
ties to  pursue  the  investigation.  The  special  work  now  in  progress 
under  the  direction  of  the  United  States  board  recently  appointed  to 
test  iron,  steel,  and  other  metals,  has  been  particularlj"  useful  in  permit- 
ting the  examination  of  the  behavior  of  the  copper-tin  alloys. 

The  results  of  observation,  so  far  as  the  experience  of  the  writer  has 
now  extended,  may  be  briefly  summarized  as  follows : 

In  iron,  an  elevation  of  the  elastic  limit  very  generally  occurs  under 
stress,  to  a  marked  degree.  It  is  very  variable  in  maximum  amount, 
and  in  the  time  required  to  produce  it.  Some  metals  exhibit  it  to  an  al- 
most imperceptible  extent  after  long  exposure  to  strain ;  other  irons  ex- 
perience a  great  increase  in  their  power  of  resistance  to  stress  within 
the  new  elastic  limit,  and  its  development  may  sometimes  be  the  result 
of  but  a  very  brief  period  of  exposure  to  the  action  of  that  molecular  re- 
arrangement which  seems  to  be  the  cause  of  this  phenomenon.  The 
maximum  increase  noted  by  the  writer  is  about  30  per  cent.,  and  the  time 
required  for  its  development  has  sometimes  not  exceeded  a  half  min- 

*  LXI.  Note  on  the  Resistauce  of  Materials :  R.  H.  Thurston.     Vol.  II,  page  239. 
tLXXXII.  On  the  Mechanical  Properties  oi  Materials  of  Construction ;  R.  H.  Thurs- 
ton.   Vol.  Ill,  page  1. 
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ute ;  in  other  cases,  the  elevation  of  the  elastic  limit  has  been  scarcely 
l>ercei)tible  after  several  days. 

In  steel,  the  same  variation  in  the  amount  and  in  the  time  needed  for 
its  development  has  been  noticed. 

In  the  various  other  metals  and  in  the  alloys,  this  action  has  not  been 
found  to  occur  in  any  case  where  the  material  w«w  inelastic ;  on  the  con- 
trary, it  has  been  found  that  inelastic  metals — ^particularly  tin  and  metal- 
lic alloys  of  similar  mechanical  properties — have,  when  exposed  to  con- 
stant stresses  exceeding  their  so-called  elastic  limits,  gradually  and  con- 
tinuously yielded  by  a  process  of  flow  which,  in  some  instances,  was 
observed  to  proceed  uninterrui)tedly  for  days  together,  and  would  appar- 
ently have  continued  until  fiucture  ensued,  coiild  the  experiment  have 
been  carried  to  that  extent. 

These  experiments  have  led  the  writer  to  suppose,  as  intimated  in  the 
paper  referred  to,  that  the  force  of  cohesion  and  that  force  which  gives 
stability  of  form  to  solids  and  distinguishes  them  from  liquids---a  force 
called  by  Professor  Henry  "polarity'' — are  quite  distinct  modes  of 
molecular  action.  Some  materials,  as  the  stronger  of  the  ductile  metals, 
exhibit  great  cohesion,  and  yet  may  flow  under  the  action  of  a  constant 
force,  as  in  the  cases  last  referred  to  above ;  while  others — ^for  exami)le, 
over-hardened  steel — may  have  great  polarity,  and  consequently  great 
stability  of  form,  while  exhibiting  a  relatively  low  power  of  cohesion. 

It  is  in  metals  which  belong  to  the  latter  class,  rather  than  in  those  of 
the  former  character,  that  the  elevation  of  the  elastic  limit  by  strain  is 
observed.  The  explanation  already  proposed,  that  this  apparent  increase 
of  resisting'  power  is  really  a  consequence  of  the  relief  df  internal  stresses 
due  to  methods  of  manufacture,  or  t«  circumstances  whichihave,  by  ex- 
teraal  application  of  force,  prevented  such  a  molecular  arrangement  of 
particles  as  would  naturally  take  place,  still  seems  to  the  writer  the  most 
satisfactory  explanation.  The  close  relation  of  this  action  to  that  ob- 
served by  Professor  Johnson  thirty  years  ago,  and  illustrated  by  the 
process  tenned  by  him  "thermo-tension,"  has  been  pointed  out  on  a 
former  occasion. 

During  the  two  years  which  have  elapsed  since  the  first  announce- 
ment of  the  phenomenon  of  the  elevation  of  the  elastic  limit  by  strain, 
a  large  mass  of  valuable  data  has  been  accumulated,  which  may  at  some 
future  tilne  be  collated.  In  no  case,  in  the  whole  range  of  these  re- 
searches, has  any  indication  been  observed  of  a  reduction  of  resisting 
power  during  the  distortion  of  metal  between — on  the  one  hand — the 
passing  of  the  elastic  limit,  and — on  the  other  hand — the  point  at  which 
incipient  rupture  commences. 

Coif  CLiTSiONS. — The  writer  is  therefore  led  to  conclude  that  the  simple 
extension  or  straining  of  any  member  of  any  metallic  structure  is  not 
a  cause  of  weakness,  except  where  it  produces  an  actual  reduction  of 
section  resisting  rupture,  or  where  it  brings  the  line  of  stress  into  a  new 
direction,  in  which  it  acts  either  with  a  larger  component  of  force  in  the 
former  direction  of  stress,  or,  as  in  the  case  of  a  reflexure  of  the  metal, 
it  takes  the  material  at  disadvantage  strategetically,  after  a  new  disi)osi- 
tion  of  its  particles  has  tiiken  place. 

The  conclusion  seems  also  proper,  that  the  elevation  of  the  elastic 
limit  by  strain  can  only  occur  in  metals  which  are  elastic,  and  are  cajmble 
of  being  placed  in  a  condition  of  reduced  resisting  power  by  internal 
stress  by  artificial  or  external  force. 

Finally,  the  conclusion  has  been  arrived  at,  that  structures  are  not 
weakened  by  stresses  exceeding  the  elastic  resisting  power  of  their  mem- 
bers, whatever  the  material  of  which  they  are  comi)osed5  and  even  when 
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made  of  metals  having  no  elasticity  and  capable  of  yielding,  like  tin,  by 
flow,  unless  such  strains  as  are  produced  are  productive  of  actual  molecu- 
lar disraption. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Incorporated  1852.] 

NOTE  ON  THE  RESISTANCE  OF  MATERIALS,  AS  AFFECTED  BY  FLOW  AND 

BY  RAPIDITY  OF  DISTORTION. 

A  paper  l>y  Prof.  Robert  H.  Tlinrston,  Member  of  tbe  Society.  Presented  March  1, 1876 

The  effect  of  the  "  flow  of  metals"  and  of  the  force  of  polarity  described 
by  Professor  Henry,  in  modifying  their  resistance  to  external  stress  and 
their  strain,  was  alluded  to  by  the  writer  in  preceding  Transactions,  as 
follows :  • 

The  same  molecular  movement  or  flow  which  rearranffee  the  internal  force  and 
relieves  internal  strain  may  be  a  phase  of  that  viscosity  which  Vicat  supposed  might 
in  time  permit  rupture  of  metal  subjected  to  stress  nearly  approaching  its  original 
ultimate  resistance,  the  one  action  being  a  more  immediate  result  than  the  other,  and 
the  latter  producing  its  effect,  even  when  cohesive  force  may  have  been  actually  inten- 
sified. 

It  was  noted,  however,  that  in  all  cases  in  which  wrought  iron  and 
steel  had  been  subjected  to  stress  exceeding  the  elastic  limit  the  metal 
had  exhibited  uo  tendency  to  flow,  and  that,  in  nearly  every  case  ob- 
served, an  actual  "elevation  of  the  elastic  limit  by  strain"  had  taken 
place.  No  experiment  had  then  been  made  by  the  writer  in  which  the 
same  sample  had  exhibited  both  the  elevation  of  the  elastic  limit  by 
strain  and  the  phenomenon  of  flow. 

Since  that  time^  when  experimenting  upon  copper,  strain-diagrams 
produced  automatically  have  been  observed  to  exhibit  this  double  effect. 
The  elevation  of  the  elastic  limit  has  occurred  in  the  earlier  part  of  the 
test,  and,  at  a  later  period,  the  strain-diagram  exhibits  flow,  the  metal 
yielding  under  a  gradually  decreasing  stress.  The  progressive  distortion , 
which  had  never  been  observed  by  the  writer  in  ii'on  or  steel,  has,  since 
the  date  of  the  paper,  been  frequently  noted  in  other  materials.  For 
example,  the  following  are  a  few  illustrations  :t 
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t  Taldng  elastioity  line. 


*  LXXXII.  On  the  Mechanical  Properties  of  MaterialB  of  Construction.  Vol.  Ill 
page  13. 

t  Selected  from  the  record  books  of  the  Mechanical  Laboratory  of  the  Stevens  Insti- 
tute of  Technology'. 
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TESTS  BY  TRANSVERSE  STRESS— WITH  DEAD  LOADS. 

SMnples  1  X  1  X  89  inches. 
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Metals  having  a  composition  int-ermediate  between  these  extremes 
have  not  been  observed  to  exhibit  flow  or  to  increase  deflection  under  a 
constant  load. 

Tests  by  tension  with  similar  materials  exhibit  similar  results,  and 
these  observations  and  expenments  thus  seem  to  confirm  the  remarks  of 
the  writer  as  above  quoted,  and  to  indicate  that,  under  some  conditions, 
the  phenomena  of  flow  and  of  elevation  of  the  ehistic  limit  by  strain  may 
be  coexistent,  and  that  progressive  distortion  may  occur  with  "viscous'' 
metals. 

The  paper  referred  to  enunciated  a  principle  which  had  been  deduced 
from  experiments  on  wrought  iron,  which  is,  if  possible,  of  more  vital  im- 
portance to  the  engineer  than  the  facts  just  given,  viz :  "  That  the  time 
duruig  which  applied  stress  acts  is  an  important  element  in  determining 
its  effects,  not  only  as  an  element  which  modifies  the  effect  of  the  rU  vita 
of  the  attacking  mass  and  the  action  of  the  inertia  of  the  piece  attacked, 
but  also  as  modifying  seriously  the  conditions  of  production  and  reUef 
of  internal  strain  by  even  simple  stresses."* 

It  was  then  shown,  by  autographic  strain-diagrams,  that  some  mate- 
rials yield  the  more  readily  the  more  rapidly  the  distortion  and  rupture 
are  produced,  their  resistance  varying  in  some  inverse  ratio  with  the 
rapidity  of  change  of  form.  It  was  further  suggested  that  this  action 
might  be  closely  related  to  the  opposite  phenomenon  of  the  elevation  of 
the  elastic  limit  by  strain.  An  explanation  was  offered  in  the  theory  that, 
with  rapid  distortion,  insufficient  time  is  allowed  for  the  relief  of  internal 
strain  in  materials  capable  of  exhibiting  that  condition.  It  was  ftirther 
remarked  that "  the  most  ductile  substances  may  exhibit  similar  behavior, 
when  fractured  by  shock  or  by  any  suddenly-applied  force,  to  substances 
which  are  comparatively  brittle,"  and  illustrations  were  given  of  such 
behavior,  and  the  precautions  to  be  taken  by  the  engineer,  in  Wew  of  this 
important  modification  of  the  resistance  of  material  by  velocity  of  rup- 
ture, were  stated. 

The  writer  has  continued  his  experimental  researches,  with  occasional 

"  *Vol.  Ill,  page  30. 
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intermption,  since  that  time,  and  has  found  the  above-given  statements 
confirmed,  and  that  relations  exist  between  these  phenomena  of  strain 
and  the  time  under  stress,  which  may  properly  be  stoted  here  as  comple- 
mentary of  the  principles  already  published  in  the  two  preceding  notes 
which  have  appeared  in  Transactions.* 

Should  it  be  true,  as  suggested  by  the  writer,  that  the  cause  of  the 
decreased  resistance,  sometimes  observed  with  increased  velocity  of  dis- 
tortion, is  closely  related  to  the  cause  of  the  elevation  of  the  elastic  limit 
by  strain,  t  it  would  seem  a  simple  corollary  that  materials  so  inelastic 
and  so  viscous  a^  to  be  incapable  of  becoming  internally  strained  during  dis- 
tortiony  should  offer  greater  resistance  to  rapid  than  to  slowly-produeed  dis- 
tortion, in  consequence  of  their  inability  to  "  flow''  so  rapidly  as  to  reduce 
resistance  by  such  fluxion  at  the  liigher  sx)eed,  or  by  correspondingly 
reducing  the  firactured  section.  This  principle  has  been  shown,  by  a 
large  number  of  experiments,  to  be  frequently,  if  not  invariably,  the  fact. 
Copper,  tin,  and  other  inelastic  and  ductile  metals  and  alloys  are  found 
to  exhioit  this  behavior,  and  are  therefore  quite  opposite  in  this  respect 
to  ordinary  wrought  iron  and  worked  steel. 

The  writer  has  noted  the  fact  that  very  soft  wrought  iron  does  not 
always  exhibit  an  observable  elevation  of  the  elastic  limit  by  strain,  and 
Commander  L.  A.  Beardslee,  XJ.  S.  N.,}  has  recently  observed  that  the  soft- 
est and  most  ductile  specimen  of  iron  yet  tested  by  him  at  the  Washington 
Navy  Yard  exhibited  a  perceptible  increase  of  resistance  with  a  consid- 
erable increase  of  rapidity  of  extension.  This  metal  was  peculiar  in  its 
softness  and  extreme  extensibility.  All  the  irons  of  commerce  appear 
to  belong  to  the  other  class. 

The  records  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  firequently  illustrate  the  proposition  that  metals  which  gradu- 
ally yield  under  a  constant  load  offer  increased  resistance  with  increased 
rapidity  of  rupture. 

The  curves  of  deflections  of  a  considerable  number  of  ductile  metals 
and  alloys  are  very  smooth  when  the  time  during  which  each  load  has 
been  left  upon  them  is  the  same ;  but  whenever  that  time  has  been  vari- 
able the  curve  has  been  irregular.  Bars  of  such  metals  broken  by  trans- 
verse stress  give  a  greater  resistance  to  rapidly-increasing  stress  than  to 
stress  slowly  intensified.  Two  pieces  of  tin  from  the  same  bar  were 
broken  by  tension,  the  one  rapidly  and  the- other  slowly.  The  first  broke 
under  a  load  of  2,100  and  the  latter  of  1,400  pounds.  The  example  illus- 
trates well  the  very  great  different^  which  is  possible  in  such  cases,  and 
seems  to  the  writer  to  indicate  the  possibility  in  extreme  cases  of  obtain- 
ing results  which  may  be  fatally  deceptive  when  the  time  of  rupture  is 
not  noted. 

The  depression  of  the  elastic  limit  has  been  observed  previously  in 
materials,  but  less  attention  has  been  paid  to  it  than  the  importance  of 
the  phenomenon  would  seem  to  demand.  The  accompanying  plate  ex- 
hibits the  strain-diagrams  produced  by  plotting  the  results  of  experi- 
ments.§  They  are  selected  as  typical  examples,  and  as  representing  the 
two  classes  of  materials  described. 

In  making  the  experiments  the  bar  was  mounted  on  cylindrical  steel 
bearings,  which  were  themselves  supported  on  accurately  planed  level 
surfaces,  and  the  deflection  was  produced  by  means  of  a  powerful  screw 
and  a  large  hand-wheel.   The  weight  was  measured  by  a  Fairbanks  scale 

•  XLI.    Vol.  n,  page  239.    CXV.  Vol.  IV,  page  334.  ' 

t  Transactions,  Vol.  Ill,  page  363. 

t  Whose  Work  has  been  referred  to  in  earlier  papers. 
.  f  Made  and  recorded  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech-- 
nology. 
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combination,  and  the  defiectionB  and  sets  by  a  special  measoring  appa- 
ratus* wliich  reads  to  0.0001  inch,  with  an  error  of  0.000741.  Touch  is 
indicated  by  a  delicate  Stackpole  level.  The  measuring  instrument  was 
unaitected  by  the  forces  tending  to  distort  the  straining  apparatus.  The 
deflecting  force  was  adjusted  by  the  scale-beam.  The  bar  being  in  place, 
the  weight  to  be  put  on  it  was  set  off  on  Hie  scale-beam,  and  the  screw 
was  carefully  turned  until,  by  its  pressure  on  the  middle  of  the  bar,  tiie 
scale-beam  slowly  rose  and  vibrated  about  the  middle  of  its  range,  which 
X>oint  was  indicated  by  a  pointer  at  the  end  of  the  beam,  traversing  a 
fine-lined  scale  on  the  frame.  When  the  adjustment  had  oecome  satis- 
factory the  deflection  was  read  off  and  the  beam  usually  released,  in 
order  that  the  set  might  be  observed.  It  was  then  again  deflected  by  a 
heavier  weight.  Occasionally  the  bar  was  left  thus  strained,  and  with  a 
constant  deflection,  for  a  considerable  period  of  time,  and  the  change  of 
effort  exerted  by  it  noted  at  frequent  intervals.  In  all  such  cases  the 
scale-beam  gradually  drooped,  and  a  decreased  effort  to  effect  restora- 
tion of  form  was  indicated.  When  the  beam  had  fallen,  the  weight  was 
pushed  back  until  the  beam  arose  and  vibrated  about  the  center  line 
again,  and  the  weight  and  time  were  recorded.  This  was  repeated  as 
the  beam  exhibited  less  and  less  loss  of  power  of  restoration,  and  when 
this  decrease  of  effort  no  longer  exhibited  itself  a  new  series  of  deflec- 
tions was  produced. 

The  bar  Ko.  599,  which  was  quite  ductile,  exhibited  an  unchanged  law 
of  relation  of  amount  of  deflection  to  intensity  of  deflecting  force,  and, 
as  shown  by  the  diagram,  the  curve  representing  its  test  pursued  the 
same  general  direction  after  one  of  these  "time-t^ts"  as  before. 

The  loss  of  effort  at  103  pounds  is  seen  to  have  been  about  20  i)onnds, 
the  deflection  amounting  to  0.0347  inch,  and  the  effort  faUing  from  163 
to  143  pounds.  At  403  pounds  the  loss  of  restorative  force  is  about  the 
same ;  the  figures  fall  from  403  to  333  pounds,  the  deflection  being  held 
constant  at  0.0886  inch,  again  from  333  to  302  pounds  at  a  deflection  of 
0.0896,  and  still  again  trom  1,233  to  1,137  pounds  at  a  deflection  of  0.5209 
inch. 

Before  the  bar,  under  further  deflection,  had  quite  regained  its  original 
resisting  power,  the  "  time-test '^  was  repeated,  the  deflection  amounting 
to  0.5456  inch,  and  the  weight  applied  being  1,233  pounds.  The  result 
noted  was  quite  unanticipated.  The  effort  steadily  decreased  at  a  vary- 
ing rate,  which  is  indicated  by  the  diagram  of  time  and  loads,  and  the 
bar  finally  snapped  sharply,  and  the  two  halves  fell  ux>on  the  floor.  The 
effort  had  decreased  to  911  pounds.  The  deflection  was  precisely  what 
it  had  been  under  the  load  of  1,233  pounds.  The  beam  had  balanced  at 
911  pounds  for  about  three  minutes  when  the  fracture  took  place.  An 
assistant  wa«  sitting  fifteen  or  twenty  feet  from  the  machine  at  the  in- 
stant, but  no  one  had  approached  the  machine  after  the  last  adjustment 
of  the  weight. 

This  is  a  case  without  parallel  in  the  experience  of  the  writer,  and  its 
conclusion  indicates  a  possibility  of  depreciation  in  resisting  power  of  the 
class  of  metals  of  which  tin  has  been  taken  as  the  type,  which  deprecia- 
tion, in  the  present  state  of  our  knowledge  of  the  properties  of  such 
metals  in  this  regard,  it  may  be  safest  to  assume  to  be  a  source  of  danger 
in  some  cases  in  which  the  load  approaches  the  maximum  resisting  power 
of  the  piece.  This  illustrates  the  case  of  progression  of  flow  until  the 
section  most  strained  has  been  weakened  to  the  point  of  actual  molecular 
disruption,  which  disruption  would  seem  to  have  been  here  produced  by 
the  effort  of  other  and  less  injured  portions  to  resume  their  original 

*  Made  to  the  order  of  the  writer,  by  Messrs.  Brown  &  Sharpe. 
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positions,  and  to  straighten  the  two  halves  of  the  bar.  It  would  seem 
that  such  action  should  be  determined  by  flow  occurring  in  a  somewhat 
ductile  but  still  somewhat  elastic  metal. 

The  strain  diagram  of  this  bar  is  seen  to  be  nearly  hyperbolic ;  but 
the  law  of  Hooke^  ut  ten9io  sio  vis,  holds  good,  as  usual,  up  to  a  point  at 
which  the  load  is  about  one-half  the  maximum.  •  The  curve  of  times  and 
loads  exhibits  the  rate  of  loss  of  effort  while  the  bar  was  finally  held 
at  a  deflection  of  0.5456  inch,  the  load  being  carefully  and  regularly  re- 
duced, as  the  effort  diminished,  from  1,233  to  911  pounds,  at  which 
latter  figure  the  bar  broke.  The  curve  is  a  very  smooth  one.  The  fol- 
lowing is  the  record  of  the  test : 

BAR  No.  699. 
90  parU  sino,  10  parts  copper:  1  X*.WS X  99  inohea. 


IamL 

Dafleotion. 

Set 

Load. 

Deflection. 

Set 

Load. 

Deflection. 

Set 

Pounds. 
9\ 

Inskss. 
a0033 
0.0078 
0.0197 
a0995 

a  031 

a  0347 
Doe  fell  in  li 
a  0347 

"'aoioi' 

0.0471 
0.0544 
0.0611 
0.0699 

1 

Pownds. 

363 

403 

3 

403 

a  0781 
0.0881 

Incl^ 

Poundt. 

3 

643 

803 

1,003 

1,103 

1,903 

1,93:) 

Ilea 
to  1,137 

1,137 
1,933 

Jnekes, 

Inchss, 
QL0336 

43 

t 

0.1641 
0. 9149 
0. 3178 
0.3991 

o.4ei 

0.5909 
liatance  fell  i 
0.5909 

63 

aooTO 

103 

o.08ai 

143 

Reaistanoe  fell  in 

8  b.  36  m. 

163 

to  333 

3 

333 

0.0886 

Sesiatai 

li.25m. 

0.0946 

to  143 

0.0806 

n  lit  m. 

3 

0.0030 

Reaistanoe  fell 

In  15  h. 

163 

to  309 
303 
403 
503 
603 

0.0^96 
0.0876 
a  1079 
0.1989 
0.1591 

0.9736 

903 

0. 5131 
0.5456 

S43 

983 

383 

The  bar  was  left  under  strain  11^  22™  a.  m.,  and  the  effort  to  restore 
itself  measured  at  intervals,  as  follows: 

Hour.— 11>»  37° ;  IV"  50",  a.  m.;  12>»2»;  12»»8°;  12^25°;  12»'39J°"; 
12»»  53J° ;  12»»  58J° ;  V  20",  p.  m. 

Effoet.— 1,133;  1,093;  1,070;  1,063;  1,043;  1,023;  1,003;  993;  911 
pounds. 

At  1^  23"  p.  m.  the  bar  broke. 

An  example  of  somewhat  similar  behavior,  but  exhibited  by  a  metal 
of  very  different  quality,  is  shown  on  the  nert  page. 

This  bar  was  hard,  brittle,  and  elastic,  but  must  apparently  be  classed 
with  tin  in  its  behavior  under  either  continued  or  intermitted  stress. 

There  seems  to  the  writer  to  exist  a  distinction,  illustrated  in  these 
cases,  between  that  "flow''  which  is  seen  in  these  metals,  and  that  to 
which  has  been  attributed  the  relief  of  internal  stress  and  the  elevation 
of  the  elastic  limit  by  strain  and  with  time. 

This  last  phenomenon — ^the  exaltation  of  the  elastic  limit  by  strain — 
has  been  observed  very  strikingly  by  the  writer  in  the  deflection  of 
iron  bars  by  transverse  stress.  Tlie  plate  exhibits  the  strain-diagrams 
obtained  by  transverse  deflection  of  4  bars  of  ordinary  merchant  wrought 
iron,  which  were  all  cut  from  the  same  rod.  Of  these,  two  were  tested 
in  the  machine  above  described,  in  which  the  deflection  remains  con- 
stant when  the  machine  is  untouched  while  the  load  gradually  decreased, 
or,  more  properly,  while  the  effort  of  the  bar  to  regain  its  original  form 
decreases.  The  other  two  were  tested  by  dead  loads,  the  load  remain- 
ing constant  while  the  deflection  may  vary  when  the  p.pparatus  is  left 
to  itself.    (The  record  is  given  on  pages  11-14.)* 

*  Pages  478-480  of  this  report 
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BAR  No.  596. 
75  parte  eino,  S5  parts  oopper ;  seooud  casting ;  0.985  X  0.985  X  S9  iiiolMa. 


Load. 

Defleotion. 

Set 
Inches. 

Load. 

DeOection. 

Inches, 
0.073 
0.0199 
0.0866 

Set. 

1 

Load. 

Defleetion. 

Set. 

PouruU. 
23 

Inches. 

o.ua57 

0. 0149 
0.0207 
a  0975 
0. 0346 
0. 0414 
0.0485 
0.0549 
0.0610 
0.0669 

Pounds. 
493 

463 

1      503 

1          3 

503 

Inehss, 

Poundt. 

to  473 
3 
503 
543 
583 
603 
693 
643 
663 

Inches. 
0.0666 

Inekss. 

63 

0.0098 

103 

a  0894 
0.0959 
0. 1019 
0.1049 
a  1075 
0.11U9 
0. 11.1A 

143 

O.0OU 

183 

*  0*0^' 

993 

!             ReafatAnAA  Ml  f n  S  h.             ! 

963 

to  489 
3 
■      4H) 
Besial 

0.0d66 

303 

a  0074 

343 

0.0866 

383 

tiincf>  f<i^ll  in ' 

13  b.  30  m. 

RmlrA  5  attt*nnAtL  AfLAr  «rit.li  rfncr. 

ingaonnd. 

These  two  pairs  of  specimens  were  broken ;  one  in  each  set  by  add- 
ing weight  steadily  until  the  end  of  the  test,  so  as  to  give  as  little  time 
for  elevation  of  elastic  limits  as  was  possible ;  and  one  in  each  set  by 
intermittent  stress,  observing  sets,  and  the  elevation  of  the  elastic 
limit. 

If  the  long-known  effects  of  cold-hammering,  cold-rolling,  and  wire- 
drawing in  stiffening,  strengthening,  and  hardening  some  metals  can 
be,  as  the  writer  is  inclined  to  believe,  attributed  in  part  to  this  molecu- 
lar change,  as  well  as  to  simple  condensation  and  closing  up  of  cavi- 
ties and  pores,  this  exaltation  of  the  elastic  limit  by  distortion  under 
externally  applied  force  has  now  been  shown  to  occur  in  iron  and  in 
metals  of  that  class  in  tension,  torsion,  compression,  and  under  trans- 
verse strain. 

Referring  to  the  plate,  it  will  be  seen  that  there  is  exhibited  the  action 
in  the  latter  case  even  more  fully  and  strikingly  than  in  the  record 
above  given,  and  a  study  of  these  typical  examples  cannot  fail  to  prove 
both  interesting  and  instructive. 

TESTS  OF  WROUGHT-IRON  BARS  BY  TRANSVERSE  STRAIN. 

Samples  1  inoh  square,  88  Inches  l(mg ;  99  inches  between  supports. 

No.  648.-  TESTED  IN  FAIRBANKS*  MACHINE. 


Load. 


Deflectdcn. 


Set 


Pounds. 

103 

903 

Besistanoe 

to    199 

303 

403 

Keeistanoe 

to    399 

3 

503 

603 

KesiHtanoe 

to    598 

803 

Best  stance 

to    789 

903 

1,003 

Keslstaoce 

to    987 

3 

1,903 

3 

1,903 


Inches, 


Inches. 
0.0139 
0.0944 

fell  ia  13  h.  35  m. 
0. 0944 
0.0349 
0.0498 
fell  in 
0.0498 


1  h.  30  m. 
"6.6049' 


0.0598 
0.0619 
fell 
0.0619 
a  0806 
fell  in 
0.0806 
0.0907 
0.0995 
fell  in 
0.0995 


in     4     h. 
15  h.  15  m. 


0.1197 


5  h.  90  m. 
"6.0649' 

"6.'667i' 


0.191 


Load. 


Deflection. 


Pounds, 
Resistance 
to  1, 187 
3 
1,903 
1,943 
1,983 
1,393 
1,741 
1,911 
1,991 
3 
1.991 
Resistance 
to  1,767 
3 
1,767 
1,931 
1,995 
9,001 
3 
9.001 
Best  stance 
tol,83l    I 

3     ... 


Inches. 
fell 
a  191 


Set. 


Inches. 
n  9  h. 


0.1996 
U.  1966 
0.1301 
0.1354 
0. 70:U 
0. 7946 
0.7566 


0.7746 
fell  in 
0.7746 


0.0096 


0. 5746 
91  hiVsm. 

"'o.'iow' 


0.7796 
0. 7e76 
0.8036 
0.8966 


0. 8498 
fell  iD 
0. 8498 


0.6451 
91  h.  30  m. 


Load. 


Deflection. 


Pounds. 
1,831 
9.003 
9,071 
S.081 
3 
9.081 

Besistanoe 

to1,er71 

3 
1,011 
9.083 
9,191 
9,131 

3 
9.131 
1.363 
3,403 

3 
1,403 


Inehss. 
0.8471 
0.8641 
0.8819 
0.9396 


Set. 


7ndbef. 


a  7576 


a9886 
fell  in  91 
0.9886 


h.  39  m. 


0.9904 
1.0106 
1.0496 
tOVll 


a  1599 


a  8148 


a  9091 


0.0196 


Besistanoe     fell 
to  1,387    t       0.1599 

Besistance  fell  in 
to  1, 361    I       0.1589 


m. 


in    ; 

( 

9  h.  95  m. 
I 
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TESTS  OF  WROUGHT-IRON  BARS  BY  TRANSVERSE  STRAIN— Continued. 


Load. 


Defleetlon. 


Pounds        Indies. 
R*'Ai'*taooe  fell  in 


S«i. 


to  1,330 
3 
l.:)39 
1,403 
1.483 
1.533 
1.563 
1,603 
3 
1,603 


0.1533 


Inehss. 
39  h.  5  m. 

"0.'0346' 


0. 1451 

0.1533 

0.16 

0.1647 

0. 1761 

0.3348 


0.3R7 


0. 1091 


Ke«istaDce  ft-ll  in   6  b.  3  m. 


to  1,457 
3 
1.457 
1.603 
1,703 
3 
1.703 


0.887 


n.8P63 
0.  .1016 
0.3931 


0.4301 


Resintanee  fell  in  30  h.  50  m. 


a  1451 


0.8431 


to  1, 541 
3 
1.541 


0.4301 


0.4396 


0.3846 


1. 1316 

'6.958*' 

i.i358 

1.  l.Wl 

1.1686 

1. 1981 

1.8356 

1.0361 

fell    in 


9     h. 


ReKistance  fell  in  47  h.  37  m. 
to  1,869 

3 
1.941 
8.131 
8.181 
8.201 
8.811 

3 
Reiiiiitance 
to  1,097 

3 
8.001 
3.811 
8,331 
8,337 

3 
8.841 

Resietance  liell  in  13  h.  50  m. 
to  8, 041 

3 
9,041 
8.341 
8.881 
8.301 
8,311 

3 
8. 311 

Reaistanoe 
to8,09l    t        1.6166 

3 


Load. 


Deflection. 


1.3356 

1.1156 

L3016 
1.3336 
1.36,')6 
1.3936 

''i.'i946' 

'"  1.4441' 

1. 4441 

1.3538 

1.  4481 

1. 46:11 

1.4»3l 

1.  5-216 

1.55:11 

1.3436 

1.6166 
106  fi-U  in 

8  h.  8  n. 

1.4181 


Pounds. 

3,091 

1,603 

1.711 

1,753 

1.7rJl 

Realatance 
to  1.661 
3 

1,675 

l,7f7 

1,811 
3 

1,811 

Reai^tanoe 
to  1.675    I 

Reaistance 
to  1, 661 
3 

1,661 

1.8<il 

1.861 

1,877 

1,891 
3 

1.891 

Resistance 
to  1.801     > 

Reniittanoe 
to  1.737    I 

Real  stance 
to  1, 731 
3 

8,311 

8.:441 

8,351 
3 

8.351 

Resistance 
to  3, 135 
3 

3,135 

8,355 

8.391 

8,411 
3 

8.411 

Resistance 
toa.338    I 

GradnaUy 

to    3*  1... 

Gradaally 
to  3, 838* 

8,411 

8,491 


IneKes. 
1.61*(6 
0. 4.346 
0.4456 
0.  4513 
0.4651 
fell  in 
0.4651 


Set. 


Inehss, 


6  h.  3  m. 


0.4676 
0.4808 
0.5446 


0.5661 
fell 

0.5661 
f(*ll 

0.5661 


0.3106 


0.3771 


Load. 


Deflection. 


Set 


in 

I.. 
in 


46    m. 


0.4081 


0.5645 
0.578 
0.5666 
0  6034 
0.663'! 

0.4938 
0.7001 

fell     in     10     a. 
0.7001    I 

fell     in     6    m. 

a7001    I 

fell  in  5  b.  S3  m. 
0.7001 


Pounds. 
3,501 

3 
8,501 

Resistance 
to  8, 895 

3 
3,895 
8,541 
8,561 

3 
8,561 

Resii*tanoe 
to  8,369 

3 
8,369 
8.551 
8.571 
8,591 

3 
8.591 

Resistance 
;to3,371 

3 
8,371 
8.501 
8.611 
8,631 

3 
8.631 


1.6466 
1.6996 
1.7331 


8.0446 

fell 
8.0446 


0.5406 


1.5196 


in     16     h. 


3  0431 
8.0646 
8.0736 
3.1136 


1.8441 


Inches. 
8.3181 

"48471 " 
fell  In 
3.3471 

'i'3456'" 
8.3763 
8.3103 

'i*35*" 
frU  in 
8.35 

'i*3587' 
8.3783 
8.3854 
8.4387 

8."  5044' 
fell  in 
8.5044 

8.'5083' 
8.5347 
8.5334 
8.5937 

i*653" 


Inches, 
"i."9886" 
i4"b"'i6'inl 

"i'odii  " 


8.0763 
6  b.  is  m. 

"i'iioi' 


8.1953 


15  h.  4  m. 

"issii'" 


to 


Resistance  fell  in  8  b.  8   m. 


3.653 

'a.'6533' 
3.6833 
3.6993 
8.7307 

"i'fflii" 


8.4337 


8.371 

3 
8,371 
8.631 
8,651 
8,661 

3 
8,661 
Resistance  fell  in  61  b.  33  m. 


8.3577 


9.4987 


1.8964 


3.1451 
fell  in  8 
8.1451    I. 
redocea 


increased 
8.1336 
8. 1516 
3.1811 


b.  35  m. 

strain 
1.9386 
strain 


to  3,363 
3 
8. 
8, 
8. 
3. 

% 


363 
685 
701 
710 
730 
3 
780 


1        2.8334 

"8.5934  " 

3.8386 

9.8637 

8.871 

8.8917 

3.9397 

9.647* 

39698 
Lnce  fell  in 

J  b.  48  m. 

to 


3,483    I        8.9698 
3 


8,7357 


Barremoyed:  teat  ended. 


*  GradnaUy  reduced  strain  to  3  pounds,  taking  a  number  of  readin^n^ :  then  jrradually  increased  it  to 
8,938  pounds,  taking  readings  corresponding  to  former  ones;  found  tbat  inoreaae  of  deflection  iraa  pro- 
portional  to  increase  of  load. 

No.  649.— TESTED  IN  FAIRBANKS'  MACHINE. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches, 

Pounds. 

Inches. 

103 

0  01.19 

900 

0.0880 

1. 463 

0.1505 

In  2i  m.  n 

raa  0.3639 

800 

0.0x38 

1,000 

0.0983 

1.480 

0.1S««9 

1,630 

0.3704 

300 

0.0338 

1.100 

0. 1081 

1.500 

0. 1619 

1,640 

0.3831 

4115 

a  0435 

1.800 

0.1171 

1,530 

0.1709 

In  6  ni.  ^ 

ras  0.4404 

500 

0.0519 

1,300 

0.1879 

1,540 

0.1804 

1.660 

0.4479 

600 

0.0608 

1,400 

0. 1398 

1.560 

0.2078 

51,680 

0.4509 

700 

0.0689 
0.0787 

1,430 
1,443 

0.1435 
0. 1473 

1,580 
al,600 

0.3439 
0.3854 

feOO 

3,350 

5.577 

a  At  1.600  pounds  tbe  beam  sank  instantly ;  ran  the  pressare-acreir  down  so  aa  to  keep  the  beam  baT 
anced  for  3}  m.,  with  increase  of  deflection  aa  noted. 

b  At  1,680.  ran  pressnre  screw  rapidly  but  ateadly  down,  moving  the  poise  along  the  beam  to  keep  it 
balanced.  Tbe  beam  vibrated  np  and  down,  falling  or  rising  instantly  as  the  wheel  was  tnrned  nlower 
or  f osier.    The  resistance  reached  a  maximum  of  3,:i50  pounds,  when  the  deflection  was  5.577  inches. 
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No.  6S0.~TESTED  B7  DEA.D  LOADS. 


Load. 

Deflection. 

LOMl. 

Deflection. 

Load. 

Deflection. 

Load. 

1 

DeflectloaL 

Pounds. 
100 
200 

Jnohet. 
a  015 
0.0229 

Paundt. 
400 
000 

Inehet. 
0  040 
0.0638 

I 

Pounds 

t>O0 

1,300 

InehM. 
O.Oft.% 
a  1456 

Pound*. 

1,400 

el,  500 

Inehu. 
a  1749 
0.S143 

e  At  1,626,  the  reading  was  not  taken.  Weights  aa  follows  were  rapidly  added,  4  or  5  pieoeeeaoh 
minute,  as  follows :  83. 25, 42, 15, 16, 10, 15.5, 16, 25, 35,  35, 13, 1 1  5,  16.^7,  63, 40.5, 61. 45,  e8=2.86i>J>  poaada. 
The  har  sank  rapidly,  its  aide  pressure  splitting  the  wood  whioh  conOned  the  mandrels.  The  set 
measured  after  the  bar  was  removed,  2.5  inches.  The  Total  deflection  is  calcnlated  as  follows:  the 
elasticity  of  the  bar  remaining  the  same,  the  increase  of  deflection  over  set  is  directly  proportinnid  to 
the  load.  (This  is  shown  by  the  parallelism  of  the  elasticity  lin^s  with  the  original  line  within  the 
elastic  limit).  Thus  at  800  pounds,  the  set  was  inappreciable,  deflection  OO'^SS;  whence  800:  0.0tiStJ:: 
k,2(iU:  0.S42  difierence  of  deflection  and  aet ;  set  was  3.5,  hence  calculated  deflection  8  743  inchea. 

No.  65L-TESTED  BT  DEAD  LOADS. 


Load. 

Deflection. 

Load. 

Deflection.  , 

Load. 

Deflection. 

;     Load. 

1 

Deflection. 

Pound*. 

Inches. 

Pounds. 

Inches.      , 

Pounds. 

Inches. 

Pounds. 

Inches. 

100 

0.0158 

In5h  46  m.  was 0. 6598 

In  48  h.  30  m  was  1.9245    I 

2.452 

3L0739 

900 

0.0275 

1,700    1         0.67 

8.222 

1.9379 

9.484 

.iOHU 

400 

0.04^ 

In  3  ro.  was     0.6716 

8.288 

8.13^6 

In  39  h.  40  m.       4.9591 

600 

0.0700 

In  16  h.  waa     0.7615 

In  12  m.  waa      2.  9535 

In  43  h. 80m.       4  9591 

803 

0.0913 

1. 800              a  771 

8,266    1         8;»928 

2.5<3                4.9693 

1,000 

a  1141 

1. 900              I.  Oft<(4 

In  17  ra.  was     a  0157 

1        9.556                4.967 

1,200 

a]3iM 

In  3h.  15  m.  was  1.8567 

In  3  h.  37  m.  waa  3. 0236 

In  4  h.20m.       4.9749 

1,400 

0. 1701 

In  45  h.45m.waal.  8709 

2,288 

3.039 

2,589    )            4.2740 

1,500 

0.2465 

!2.005    1          1.8787 

8,3.'W 

3.04M 

In  48  h.^^M       4.6591 

In  8  m.  WR 

s        a  4307 

In  3  h.  waa        1.8819 

2,370 

3.0433 

In  61  h.  30  m.  waa  4. 6701 

1,600 

0.489 

2,052 

1.8886 

In  25  h.  15  m  waa  a  0677 

Weighia       reached 

In  6  m.  wai 

S         0.6504 

2,115 

1.8921 

8,492 

3. 0701 

support.     Teat     waa 
ended. 

The  strain-diagrams  exhibited  in  the  plate  do  not  present  to  the  eye 
one  of  the  most  important  distinctions  between  the  two  classes  of 
metals.  As  seen  by  study  of  these  diagrams,  both  classes,  when  straine^l 
by  flexure,  gradually  exhibit  less  and  less  effort  to  restore  themselves 
to  their  original  form. 

In  the  case  of  the  tin -class,  this  loss  of  straightening  power  seems 
often  to  continue  indefinitely,  and,  as  in  one  example  here  illustrated, 
even  until  fracture  occurs. 

With  iron  and  the  class  of  which  that  metal  is  tyj^ical,  this  reduction 
of  effort  becomes  gradually  less  and  less  rapid,  and  finally  reaches  a 
limit  after  attaining  which,  the  bar  is  found  to  have  become  strengthened, 
and  the  elastic  limit  to  have  become  elevated.  In  this  respect,  the  two 
classes  are  affected  by  time  of  strain,  in  precisely  opposite  ways. 

The  plate  exhibits,  even  better  than  the  record,  the  superior  ultimate 
resistance  of  the  bars  which  have  been  intermittently  strained,  as  well 
as  the  elevation  of  the  elastic  limit.  This  parallelism  of  the  **  elasticity 
lines"  obtained  in  taking  sets,  shows  that  the  modulus  of  elasticity  is 
unaffected  by  the  causes  of  elevation  of  the  elastic  limit. 

Evidence  appealing  directly  to  the  senses  has  been  presented  in  the 
course  of  experiment  on  the  second  class  of  metals,  of  theintra-molecular 
flow.  When  a  bar  of  tin  is  bent,  it  emits  while  bending  the  peculiar 
crackling  sound,  familiarly  known  as  the  "cry  of  tin."  "niis  sound  has 
not  been  observed  hitherto,  so  far  as  the  writer  is  aware,  when  a  bar  has 
been  held  flexed  and  perfectly  still.  In  several  cases  recently,  in  experi- 
ments on  flexure*  of  metals  of  the  second  class,  bars  held  at  a  constant 
deflection  have  emitted  such  sounds  hour  after  hour,  while  taking  set 
and  losing  their  power  of  restoration  of  shape. 

*  Made  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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Daring  some  of  the  experiments  made,  a  very  marked  illustration  of 
the  decrease  of  set  \rith  time,  which  has  been  observed  and  described  by 
Prof.  W.  A.  !N^orton,  has  been  noted,  and  the  recovery  of  straightening 
power  in  the  deflected  bar  has  sometimes  been  strikingly  large,  amount- 
ing to  nearly  30  pounds  in  15  minutes.    A  record  of  one  of  these  bars  is — 

BAB  No.  563. 
17.5  parts  copper,  82.5  parte  tin ;  0.986  X  0.993  X  32  inches. 


Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set 

Load. 

Deflection. 

Set 

Powndi. 
10- 

Inche». 
0. 00'i7 
0.007 
0.01.M 
0.  <'356 
O.a'UU 
0.0499 

Iiiches. 

Pound*. 
140 
1»<0 
200 
5 
900 
340 
3d0 

Inehet. 
0.0K)4 
0. 1343 
0.1666 

Inches. 

Pound*. 
900 
5 

Jnchs*. 
0.4A97 

Incke*. 

SO 

0.3084 

4^1 
GO 

■  ••••••  ■••• 

"  0.0821"' 

• 

Set  decreased  in  2  h. 
90  m. 

\  0.2845 

80 

0.1796 
0.2503 
0.3782 

to    300 
310 

0.5332 

100 

Bar  broke  in  patting 
on  strain  r 

5 

0.0093 

« 

After  300  pounds  had  been  placed  on  the  bar,  and  the  reading  taken, 
the  screw  was  run  back  till  the  beam  just  balanced  at  5  pounds,  the 
pressure-block  attached  to  the  screw  barely  touching  the  bar.  The 
set  was  then  read,  as  above,  0.3084:  inch,  the  beam  slowly  rising.  The 
pressure-screw  wa«  then  ran  back  till  beam  again  balanced  at  5  pounds, 
and  the  set  measured  0.3022  inch  5  the  time  was  2  minutes.  The 
beam  again  rose,  poise  on  beam  was  pushed  forward  and  balanced  at 
10  pounds ;  the  time  was  2  minutes.  In  two  minutes  more  beam  balanced 
at  14  pounds.  The  i>ressure-screw  was  again  run  back  till  beam  balanced 
at  5  pounds,  and  the  set  measured  0.2998  inch.  The  beam  rose  again 
at  11  hours  37  minutes,  a.  m.  In  2  minutes  it  balanced  at  10  pounds,  in 
10  minutes  at  16  pounds,  and  in  29  minutes  at  23  pounds.  The  beam 
was  again  balanced  at  5  pounds,  set  measured  0.2902  inch.  The  beam 
rose  in  4  minutes.  In  29  minutes  the  beam  balanced  at  14  pounds,  and 
in  65  minutes  more  it  balanced  at  20  pounds.  The  beam  was  again  bal- 
anced at  5  pounds,  and  the  set  measured  0.2845  inch.  The  total  decrease 
of  set  in  2  hours  20  minutes  was  0.3084—0.2845=0.0239  inch.  Then  re- 
placed 300  pounds,  and  read  deflection  0.5332  inch ;  increased  the  press- 
ure, but  the  bar  broke  before  310  pounds  was  reached. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

THE  RATE  OF  SET  OF  METALS   SUBJECTED  TO  STRAIN  FOR   CONSIDER- 
ABLE PERIODS  OF  TI\1E. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Read  December  6, 1876. 

Section  L* — On  the  observed  decrease  of  resistance  at  a  fixed  distor- 
tion.— The  writer  has,  in  a  preceding  paper,t  shown  by  reference  to  ex- 
perimental researches  in  which  he  had  then  engaged,  that  some  classes 
of  metals,  as  ordinary  iron  and  steel,  when  subjected  to  strain  and  distor- 
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tion  by  a  force  exceeding  the  resistance  of  the  material  within  the  elastic 
limit,take  a  set  and  are  stifiened  by  that  act,  and  exhibit  an  exaltation  of 
the  elastic  limit.  It  was  also  shown  that  other  classes,  like  tin  and  simi- 
larh'  viscous  and  ductile  materials,  exhibit  flow  and  a  depression  of  their 
limits  of  elasticity  when  similariy  treated.*  It  was  further  shown  that 
the  former  class,  when  subjected  to  loads  even  approaching  their  ultimate 
strength,  took  a  certain  set  and  remained  apparently  indefinitely  with- 
out forther  distortion;  while  the  second  class,  under  very  moderate 
loads,  frequently  exhibited  a  gradual  yielding,  a  progi'essive  distortion, 
until  fracture  took  place,  sometimes  under  stresses  which  were  but  a 
fraction  of  those  which  were  fouml  required  to  break  such  metals  quickly, 
and  when  time  was  not  allowed  for  flow  to  occur.  It  was  noted  that 
increase  of  rapidity  of  distortion  and  fracture  produced  increase  of  re- 
sistance in  the  latter,  or  "tin  class,"  and  decrease  of  resisting  x)ower  in 
the  first,  or  ''iron  class,"  and  vice  versa. 

The  writer  has  since  instituted  experiments  upon  metals  of  both  classes 
to  determine  how  rapidly  set,  in  each  class,  took  pla<5e ;  the  earUer  ex- 
periment just  referred  to  having  confirmed  a  suspicion  long  existing 
among  engineers  and  experimentalists  that  the  phenomenon  was  a  mole- 
cular change  avS  well  as  of  the  mass,  and  that  time  was  requii'ed  for  its 
complete  development.  Professor  Norton  has  also  shown  bj^  experiment 
that  this  set  is  partially  temporary,  the  bar  relieving  itself  of  distortion  in 
some  degree  on  removal  of  the  load.  Both  that  experimenter  and  the 
writer  had  detected  some  peculiar  variations  of  foim  during  this  recov- 
ery, and  the  exijerimeuts  of  the  latter,  as  detailed  in  the  preceding  paper, 
exhibited  at  times  a  gradual  recovery  of  straightening  power  in  a  confined 
and  flexed  bar.  The  following  will  be  found  interesting,  and  perhaps 
important,  as  showing  how  these  molecular  changes  progress : 

Bars  were  prepared  of  square  section,  1  inch  in  breadth  and  deptli, 
and  22  inches  in  length  between  gearings.  They  were  flexed  in  a  machine + 
for  testing  the  resistance  of  materials  to  transverse  stress,  as  described 
in  the  pi'eceding  pai)er,  and  the  load  and  deflection  carefully  measured. 
As  the  bars  were  retained  at  a  constant  deflection,  their  effort  to  resume 
their  original  fonn  gradually  decreased,  and  the  amount  of  this  effort 
was  from  time  to  time  noted.  When  this  effort  or  resistance  had  be- 
come considerably  decreased,  the  bar  was  released  and  the  set  measiu^. 
This  oi)eration  was  repeated  with  each,  until  the  law  of  decrease  of 
clastic  resistance  was  detected.  Curves  were  constructed,  illustrating 
graphically  this  law,  and  exhibiting  it  more  satisfactorily  and  moixj 
plainly  than  the  tabular  record. 

The  following  is  the  record  for  the  bars  of  iron,  of  tin,  and  of  two  alloys: 
The  iron  bar  Xo.  648  was  subjected  to  a  load  of  1,003  pounds,  somewhat 
less  than  one-half  its  maximum,  and  its  deflection  was  found  to  be  0.0995 
inch.  Eemoving  the  load,  the  set  was  0.0049  inch.  Restoring  the  load 
(1,000  pounds,  +  3  pounds  due  to  the  weight  of  the  bar),  the  deflection 
was  0.1001  inch,  and  the  bar  was  held  at  this  deflection  and  the  decrease 
of  resistance  observed.  In  25  minutes  it  had  become  999  poiuids ;  in  1 
hour  40  minutes,  991  pounds ;  in  4  hours  35  minutes,  987  pounds,  and  in 
5  hours  20  minutes,  987  pounds.  The  set  was  then  found  to  be  0.007 
inch  under  the  weight  of  the  bar  itself. 

Restoring  the  last-observed  load,  the  deflection  was  0.0991  inch,  and 
the  original  load  of  1.003  pounds  increased  it  to  0.1003  inch. 

A  second  trial  of  tlie  same  bar  under  a  load  of  1,603  pounds  gave  a 

*  Mr.  E.  H.  Hewiiis  hoH  informed  tlio  writer  since  the  publication  of  tliat  paper 
that  he  has  detected  sinmlfaneous  '*flow"  and  ^*  exaltation  of  the  elastic  limit"  in  iron. 
t  Built  lor  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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deflection  of  0.2548  inch,  and  a  set,  on  removal,  of  0.1091  inch.  Ee- 
storing  the  load,  the  deflection  became  0.287  inch,  and  the  resistance  to 
flexion  decreaseil  in  6  honrs  3  minutes  from  1,603  to  1,457  pounds,  at 
which  latter  time  the  set  was  found  to  be  0.1451  inch.  Eestoring  the 
loa<l  of  1,457  pounds,  the  deflection  was  0.2863  inch,  and  the  original 
load,  1,603  pounds,  being  brought  upon  it,  its  deflexjtion  increased  to 
0.3016  inch,  an  increase  nearly  20  per  cent,  above  the  original  deflection. 

In  the  first  tiial  the  loss  of  stift'ue^s,  as  measured  by  the  decrease  of 
effort  to  straighten  itself,  and  which  is  here  taken  to  measure  the  rate  of 
8€tj  is  seen  to  have  been  nearly  proportional  to  the  time  at  first,  becoming 
constant  after  4 J  hours.  On  the  second  trial,  after  a  considerable  set, 
produced  by  a  heavy  load,  the  set  became  constant  after  about  one  hour,' 
and  so  remained  to  the  end  of  the  trial. 

!N^o.655  was  a  bar  of  Queensland  tin,  received*  from  the  Commissioner 
of  that  country  at  the  Centennial  Exibition,  and  which  was  found  to 
be  remarkably  pure.  A  load  of  100  jiounds  gave  a  deflection  of  0.2109 
inch,  and  i>roduced  a  set  of  0.1753  inch.  The  same  load  restored  de- 
flected the  bar  0.2415  inch,  which  deflection  being  retained,  the  effort  to 
regain  the  original  shape  decreased  in  one  minute  from  100  to  70  pounds, 
in  3  minutes  to  62,  and  in  8  minutes  to  56  pounds.  The  original  load  of 
100  pounds  then  brought  the  deflection  to  0.3033  inch,  nearly  50  per  cent. 
more  than  at  first 

A  bar,  No.  599,  of  copper-zinc  alloy,  similarly  tested,  deflected  0.5209 


ajid  the  original  load  of  1,233  i)ounds  brought  it  to  0.5450  inch.  The 
bar  was  now  held  at  this  deflection  and  the  set  gTadually  took  place, 
the  effort  falling  in  15  minutes  to  1,133  pounds  (4  x)er  cent,  more  than 
at  the  first  observation),  in  22  minutes  to  1,093,  in  46  minutes  to  1,063, 
in  63  miimtes  to  1,043,  in  91^  minutes  to  1,003,  and  in  118  minutes  to  911 
pounds,  at  which  last  strain  the  bar  broke  3  minutes  later,  the  deflec- 
tion remaining  unchanged  up  to  the  instant  of  fracture.  This  remarka- 
ble case  has  already  been  referred  to  in  an  earlier  paper,t  when  treating 
of  the  effect  of  time  in  x)roducing  variation  of  resistance  and  of  the  elastic 
limit. 

1^08.  661,  copper-tin,  and  612,  copper-zinc,  were  compositions  which  be- 
haved quite  similarly  to  the  iron  bar  at  its  first  trial,  the  set  apparently 
becoming  nearly  complete  in  the  first  after  1  hour,  and  in  the  second 
after  3  or  4  hours. 

In  all  of  these  metals,  the  set  and  the  loss  of  effort  to  resume  the 
original  form  were  phenomena  requiring  time  for  their  progress,  and  in 
all,  except  in  the  case  of  No.  599 — which  was  loaded  heavily — the  change 
gradually  became  less  and  less  rapid,  tending  constantly  toward  a 
maximum. 

So  far  as  the  observation  of  the  writer  has  yet  extended,  the  latter  is 
always  the  case  under  light  loads.  As  heavier  loads  are  added,  iuul  the 
maximum  resistance  of  the  material  is  approached,  the  change  continues 
to  progress  longer,  and,  as  in  the  case  of  the  brass  above  described,  it 
may  progress  so  far  as  to  produce  ru])ture,  when  the  load  becomes  heavy, 
if  the  metal  does  not  belong  to  the  "iron  class."  The  brass  broke  under 
a  stress  25  per  cent,  less  than  it  had  actually  sustained  previously. 

There  is  no  evidence  that  iron  or  steel  ever  exhibits  this  treacherous 
and  exceedingly  dangerous  behavior;  but,  on  the  contrary,  it  seems 

•By  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
tVol,  V,  page  ,205. 
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always  to  carry  a  load,  once  borne,  however  near  the  maximum  it  may 
be.  This  difterence  is  here  quite  as  marke^l  a«  in  the  experiments  pre- 
viously reported  upon  the  elevation  and  the  depression  of  the  elastic 
limit  by  strain ;  and  no  one  can  fail  to  note  the  value  in  construction  of 
this  quality  of  that  metal  which  is  the  chief  reliance  of  the  engineer  in 
nearly  every  branch  of  his  art.  These  principles  will  And  numberless 
applications  in  the  practice  of  every  member  of  the  profession. 

The  records  are  herewith  presented,  an<l  the  curves  representing  them 
shown  in  the  Plate. 

RECORDS  OF  EXPERIMENTS  ON  RATE  OP  SET  OR  DECREASE  OF  RESIST- 
ANCE AND  INCREASE  OF  SET  OF  METALS,  WITH  TIME. 

Bars  1  inch  sqaaro ;  92  lochea  between  sapporta. 


Time. 


Load. 


LouM  of 
luad. 


Defleotion. 


No.  648.— Wbought  ibok. 
FirH  trial. 


Bet. 


Minute$, 

Povndt. 

1,003 

3 

1,003 

999 

991 

987 

9d7 

3 

987 

I.OCi3 

2,720 

Pounds. 

Inehet. 
0.0995 

0.1001 
0.1001 
0.  luOl 
0.1001 
0.1001 

2S 
100 
275 

:)20 

4 

12 
16 
16 

322 

0.9910 
0.1003 
8.6100 

322 

Inehss. 
6.0049 


aoo7 


Second  trial. 


I  1,003    I I       2.3548    | 

Noi  561.— 27.^  PAB18  COPPRB,  72.5  PABTB  TIK. 

0.0696 


Time. 


Mintttes. 


1 

2 

3 

23 

53 

133 

193 

363 

363 


Load. 


Pounds. 

3 
1,603 
1,521 
1,493 

i,4a3 

1,463 
1,461 
1.459 
1,457 
1,457 
3 
1.457 
1,603 
2,720 


96.5 
118 
121 


1 
3 

2.640 
4,140 


160 
5 
160 
151 
l.'iO 
104 
100 
5 
100 
160 
320 


993 
911 
911 


Lorn  of 
load. 


DeflecUon.  I    Set. 


Pounds. 


82 
110 
120 
140 
142 
144 
146 
146 


Inches. 


0.287 
0.287 
0.287 
0.2(flr 
0.2S7 
0.287 
0.«J7 
0.287 


0.2t>63 
0.3Ultt 
2.6400 


240 
322 
326 


0.072 

6 

0.072 

10 

0.072 

56 

0.072 

60 

0.072 

0.0763 
0.0970 
0.2200 


0.5436 


Inches. 
0.1091 


a  1481 


0. 0145 


Broke. 

No.  612.— 47.5  PARTS  COPPER,  53.5  PARTS  ZDSC 


0.04 


Broke. 


Noi  599.— 10  PARTS  COPPIR,  90  PARTS  ZIXC. 


15 


15 

88 

40 

46 

63 

77.5 

9i.3 


1,333 
1,137 
3 
1,137 
1,233 
1.133 
1.093 
1.070 
1,063 
1.043 
1.023 
1,003 


100 
140 
163 
170 
190 
810 
330 


0  5209 
0.5209 


a  .^131 
0.  54.'S6 
0.5456 
0.  .M.'M 
0.5456 
0.5456 
a54.'S6 
0.5456 
0.5456 


5 

85 

120 

480 
1,3:20 


0.8736 


800 

3 

800 

790 

778 

766 

756 

751 

3 

751 

800 

1,100 


No.  655.— QUES.VSLAKD  TIN. 


0.3333 

0. 1478 

0.3366 
a3366 

10 

32 

a  3366 

34 

0.33f« 

44 

0.3366 

49 

0.3366 

"a*i«m 

0.3364 
0.3490 

Broken 

1 

3 

8 


100 
3 

100 
70 
62 
.■Hi 

100 

150 


30 
38 
44 


0.8109 


0.2415 
0.2415 
0.3415 
0.8415 
0.30.13 
Bent  rapid 


0.1753 


Section  !!•. — The  observed  increase  of  deflection  wider  static  load, — ^In 
the  precedin|]j  section  the  writer  presented  results  of  an  investigation 
madet  to  determine  the  time  required  to  produce  "set"  in  metals  be- 
longing to  the  two  typical  classes,  which  exhibit,  the  one  an  exaltation 
and  the  other  a  depression  of  the  elastic  limit  under  strain. 

*  Prepared  November,  1876. 

t  In  tue  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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The  experiments  there  described  were  made  by  me^ns  of  a  testing- 
machine^  in  which  the  test-piece  conld  be  securely  held  at  a  given  degree 
of  distortion,  and  its  effort  to'  recover  its  form  measured  at  intervals, 
imtil  the  progressive  loss  of  effort  could  no  longer  be  detected,  and  until 
it  was  thus  indicated  that  set  had  become  complete. 

The  deductions  were : 

That  in  metals  of  all  classes  under  light  loads  this  decrease  of  effort 
and  rate  of  set  become  less  and  less  noticeable  until,  after  some  time,  no 
further  change  can  be  obsers^ed,  and  the  set  is  permanent. 

That  in  metals  of  the  "tin  class,"  or  those  which  had  been  found  to 
exhibit  a  depression  of  the  elastic  limit  with  sti^ain,  a  heavy  load,  i,  e., 
a  load  considerably  exceeding  the  proof  strain,  the  loss  of  effort  con- 
tinued until,  before  the  set  had  become  complete,  the  test-piece  yielded 
entirely. 

And  that  in  the  metals  of  the  "iron  class,"  or  those  exhibitingan  ele- 
vation of  elastic  limit  by  strain,  the  set  became  a  maximum  and  perma- 
nent, and  the  test-piece  remained  unbroken,  no  matter  how  near  the 
maximum  load  the  strain  may  have  been. 

The  experiments  here  described  were  conducted  with  the  same  object 
as  those  above  referred  to.  In  these  experiments,  however,  the  load, 
instead  of  the  distortion,  was  made  constant,  and  deflection  was  allowed 
to  progress,  its  rate  being  observed,  until  the  test-i)iece  either  broke 
under  the  load  or  rapidly  yielded,  or  until  a  permanent  set  was  pro- 
duced. It  will  be  seen  that  the  results  of  these  experiments  are  in  strik- 
ing accordance  with  those  conducted  in  the  manner  previously  described. 
They  exhibit  the  fact  of  a  gradually-changing  rate  of  set  for  the  several 
cases  of  light  or  heavy  loads,  and  illustrate  the  striking  and  important 
distinctions  between  the  two  classes  of  metals  even  more  plainly  than 
the  preceding.  The  a<5Companying  record  and  the  strain-diagrams, 
which  are  its  graphical  representation,  will  assist  the  reader  in  com- 
prehending the  method  of  research  and  its  results.  All  test-pieces 
were  of  one-inch  square  section,  and  loaded  at  the  middle.  The  bear- 
ings were  22  inches  apart. 

i^o.  651  was  of  wrought  iron  from  the  same  bar  with  No.  648,  already 
described.*  This  specimen  subsequently  gave  way  under  a  load  of  2,587 
pounds.  Its  rate  of  set  was  determined  at  about  60  per  cent,  of  its  ulti- 
mate resistance,  or  at  1,600  pounds.  Its  deflection,  starting  at  0.489 
inch,  increased  in  the  first  minute  0.1047  j  in  the  second  minute,  0.026 ; 
in  the  third  minute,  0,0125 ;  in  the  fourth  minute,  0.0088 ;  in  the  fifth 
minute,  0.0063;  and  in  the  sixth  minute,  0.0031  inch;  the  total  de- 
flections being  0.5937,  0.6197,  0.6322,  0.641,  0.6473,  and  0.6504  inch. 
In  the  succeeding  10  minutes  the  deflection  only  increased  0.0094  inch, 
or  to  0.6598  inch,  and  remained  at  that  point  without  increasing  so 
much  as  0.0001  inch,  although  the  load  was  allowed  to  remain  344 
minutes  untouched.  The  bar  had  evidently  taken  a  permanent  set,  and 
it  seems  to  the  writer  probable  that  it  would  have  remained  at  that 
deflection  indefinitely,  and  have  been  perfectly  free  from  liability  to 
fracture  for  any  length  of  time. 

This  bar  finally  yielded  completely,  under  a  load  of  2,589  pounds,  de- 
flecting 4.67  inches. 

No.  479  was  a  copper  bar  containing  3|  per  cent,  of  tin.  Its  behavior 
may  be  taken  as  typical  of  that  of  the  whole  "tin  class"  of  metals,  as 
the  preceding  illustrates  the  behavior  of  the  "iron  class"  under  heavy 
loads.  It  was  subjected  to  two  trials,  the  one  under  a  load  of  700  and 
the  other  of  1,000  pounds,  and  broke  under  the  latter  load,  after  having 

*  Vol.  V,  page  208. 
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sustained  it  IJ  lioiirs.  Tlie  behavior  of  this  bar  will  be  considered 
esi>ecially  iuterestini;,  if  its  record  and  strain-diagram  are  compared  with 
those  of  Xo,  599,  preWously  given,  whicli  latter  si>ecimen  broke  after 
121  niimites,  when  held  at  a  constant  deflection  of  0.5450  inch ;  its  re- 
sistance gradually  falling  from  an  initial  amount  of  1,233  pounds,  to  911 
pounds  at  the  instant  before  breaking. 

This  bar,  No.  479,  was  loa^led  with  700  pounds  "  dead  weight,"  and 
at  once  deflected  0.441  inch.  The  deflection  increased  0.118  inch  in  the 
first  five  minutes,  0.024  in  the  second  5  minutes,  0.018  in  the  second  10 
minutes,  0.17  in  the  fourth,  0,012  in  the  fifth,  and  0.008  inch  in  the  sixth 
10 -minute  period,  the  total  set  increasing  from  0.441  to  0.65  inch.  The 
record  and  the  strain-diagram  show  that  at  the  termination  of  this  trial 
the  deflection  was  regularly  increasing.  The  load  was  then  removed 
and  the  set  was  found  to  be  0.524  inch,  the  bar  springing  back  0.126  inch 
on  removal  of  the  weight. 

Tlie  bar  was  again  loaded  with  1,000  pounds.  The  first  deflection 
which  could  be  measured  was  3.118  inches  and  the  increase  at  first 
followed  the  parabolic  law  noted  in  the  preceding  cases,  but  quickly 
became  accelerated;  this  sudden  change  of  law  is  best  seen  on  the  strain- 
diagram.  The  new  rate  of  increase  continued  until  fracture  actually 
occurred,  at  the  end  of  1^  hours,  and  at  a  deflection  of  4.506  inches. 

This  bar  was  of  very  diflferent  comi)osition  from  No.  599;  it  is  a  mem- 
ber of  the  "tin  class,"  however,  and  it  is  seen,  by  examining  their 
records  and  strain-diagrams,  that  these  specimens,  tested  under  radically 
diff'erent  conditions,  both  illustrate  the  peculiar  characteristics  of  the 
class,  by  similarly  exhibiting  its  treacherous  nature. 

No.  504  was  a  bar  of  tin  containing  alwut  0.6  per  cent,  of  copper— 
the  opposite  end  of  the  scale — ^and  exhibited  prtniisely  similar  behavior, 
taking  a  set  of  0.323  inch  under  110  iwunds  and  steadily  gi\'ing  way 
and  deflecting  uninterruptedly  until  the  trial  ended  at  the  end  of  1,270 
minutes,  over  21  hours.  This  bar,  subsequently,  was,  by  a  maximum 
stress  of  130  pounds,  rapidly  broken  down  to  a  deflection  of  8.11  inches. 

No.  501  presents  tlie  finest  illustration  yet  entered  in  the  record 
book  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology. The  test  extendeil  over  nearly  2J  days  under  observation,  and 
then  left  for  the  night,  was  found  next  morning  broken.  The  time  of 
fracture  is  therefore  unknown,  as  is  the  ultimate  deflection.  The  record 
is,  however,  sufficient  to  determine  the  law,  and  the  strain-dia^m 
is  seen  to  be  similar  t4»  that  of  the  second  test  of  No.  479,  exhibiting 
the  same  tendency  to  the  parabolic  shape  and  the  same  change  of  law 
and  reversal  of  curvature  preceding  final  rupture,  and  illustrates  even 
more  strikingly  the  fact  that  this  class  of  metals  is  not  safe  against  final 
rupture,  even  though  the  load  may  have  been  l)ome  a  considerable  time, 
and  have  apparently  been  shown," fry  actual  test,  tohe  capable  of  sustam- 
ing  it.  A  strain-diagram  of  each  of  the  latter  two  bars  is  exhibited  on 
a  reduced  scale  to  present  to  the  eye  more  strikingly  this  important 
characteristic. 

A  comparison  of  the  records  and  the  strain-diagrams  with  thase  of 
Section  I,  in  illustration  of  the  behavior  of  the  two  classes  of  metals 
under  coustiint  deflection,  is  most  instructive.  The  light  thus  thrown 
upon  the  phenomena  of  distortion  and  fracture  may  be  of  great  senice 
to  all  who  are  engaged  in  construction.  It  will  be  necessary  to  make 
many  experiments  to  determine  under  what  fraction  of  their  ultimate 
resistance  to  rapidly  applied  and  removed  loads,  the  members  of  the 
"tin  class" — ^the  viscous  metals — will  be  safe  under  static  permanent 
loads.    Their  behavior  under  shocks  of  various  intensities  remains  also 
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to  be  determined.  The  most  probable  and  most  satisfactory  conclasion 
which  seems  likely  to  be  finally  reached  is,  perhaps,  that  the  "iron 
class"  of  metals  are  capable  of  carrying  indefinitely  any  load  which 
they  have  once  borne,  and  that,  in  some  manner — by  the  relief  of  in- 
ternal strain  as  suggested  by  the  >mter*  or  by  some  other  process — their 
rest  under  a  load  renders  them,  as  time  goes  on,  more  and  more  safe 
onder  that  load. 


KECORD   OF   EXPERIMENTS    WITH   DEAD   LOADS   TO  DETERMINE   THE 
INCREASE  OF  DEFLECTION  WITH  TIME,  OR  RATE  OF  SET. 

Ban,  1  inch  sqaare ;  S2  inches  between  supports.    Load  applied  at  the  middle. 


Time. 


Deflection. 


Increase. 


Difference. 


Total 


No.  651.— Wbouoht  irok. 
Load^  1,600  jM)tc7u2«. 


Minutes. 

Ine/UM, 

0 

a4l»0 

1 

0.5937 

3 

0. 6197 

.3 

0.6:)i>9 

4 

0.6410 

5 

0. 64TJ 

6 

0.6504 

16 

0.  rt:i98 

344 

0. 659d 

Uaximam  load,  8,5e9  pounds ;  mazimam  deflec- 
tion, 4.67  inches. 


No.  50i.— 0.557  PARTS  COPPBK,  99.443  PARTS  TIN. 


0 

5 

84.'S 

865 

895 

1.110 
1,270 


Loadj  110  pounds, 
0.34J 
0.406 
1.045 
3.00.> 
2.l:i8 
8.848 
2.370 
3.626 


Maximam  load,  13u  poands;  mazimom  deflec- 
tion, 8.11  inches. 


No.  479.— 96.37  PARTS  COPPBR,  3.73  PARTS  TIX. 


0 

5 

10 

8) 


LotuL^lWpmmdt, 
0.441 
0.!VS0 
0.583 
U.60I 


Iftchu, 

Inches, 

0  ion 

0. 1047 

0.0260 

0. 13»7 

0. 0125 

0.  1432 

a  00.-8 

0.  1520 

a0063 

0. 158J 

0.0031 

0.  1614 

0.U094 

0.1708 

p.  0000 

0. 1708 

0.083 

0.083 

1. 5:w 

1.622 

0.059 

1.681 

a  134 

1.815 

0.110 

1.9-25 

0.130 

8.  055 

0.24<j 

8.303 

Time. 


Minutes. 
30 
40 
50 
60 
Set. 


Deflection. 


Inches* 
0.618 
0.630 
0.64a 
0.650 
0.524 


Increase. 


Difference. 


Inches, 

0.017 

0.012 

0.012 

O.OOd 


Total. 


Inches. 
0.177 
0.189 
0.201 
0.  209 


Second  trial.—Load^  1,000  pounds. 

0            a.  118 

5 

3.540 

0.402 

0.   22 

15 

3.660 

0.  1*.;0 

0.  542 

45 

4.10^ 

0.442 

0.  9M 

75 

7.634 

3.5^3 

4.506 

Bar  broke  under  l,00o  poands. 

No.  501.— 9.7  PARTS  COPPER,  90.3  PABTS  TI.V. 


0 

10 

70 

130 

310 

400 

4fiO 

1,360 

1.475 

1,565 

1,730 

1,880 

8.780 

2,940 

3,000 

3,295 


Lond,  160 

1.294 

1.319 

1.463 

1. 5.10 

1.691 

1. 706 

1.811 

8.534 

8.K97 

2.782 

2.938 

3.136 

3.7U8 

4.274 

4.349 

5.097 


pounds. 


Bar  left  nnder  strain  at 
in  the  morning. 


0.035 
0.144 
0  0rt7 
u.  161 
0.075 
0.045 
0.  72:1 
a  163 
0.085 
0.156 
0.198 
0. 662 
0.476 
0.075 
0.748 
night  and 


0.02.-* 
0.169 

0.  -im 

0.  397 
0.  472 
0.517 
1.24U 
1.403 
1.4-8 
1.^44 
1.642 

2.  .'>04 
2.980 
3.055 

3.  803 
foand  broken 


The  law  of  deflection  and  of  rate  of  set,  as  illustrated  graphically  by 
the  strain-diagrams  given  in  this  and  in  the  preceding  paper,  is  ex- 
pressed for  the  lighter  loads  by  equation  of  the  form 

Y  =  AT— BT» 


in  which  T  is  the  deflection  or  the  set,  both  quantities  varying  together 
in  this  ease,  and  T  is  the  time ;  A  and  B  being  constant  coeiflcients  to 
be  determined  for  special  ca^es. 

•  Wire  makers  have  learned  that  newly -made  wire  is  considerably  weaker  than  simi- 
lar wire  which  has  been  so  long  made  as  to  afford  time  for  relief,  by  flow,  of  the  internal 
straining  introduced  by  the  process  of  drawing. 
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For  heavy  loads,  after  the  first  sudden  deflection  and  set,  the  equa- 
tion is  seen  to  be 

Y=AT 

in  which  for  iron,  A=Yand  for  the  tin-class  A  is  a  constant  multiplier 

up  to  a  limit  a?,  Kos.  501, 479,  at  which  it  varies  as  some  new  function  of 
the  time. 

The  values  of  constants  for  the  various  metals  remain  to  be  deter- 
mined. The  question  whether  this  change  in  the  value  of  the  modidus 
of  rupture,  as  exhibited  in  the  preceding  section,  and  of  the  value  of 
the  quantity  representing  in  the  usiml  formulas  the  amount  of  deflection, 
is  due  to  a  change  in  the  modulus  of  elasticity,  to  simple  flow,  or  to  a 
variation  of  cohesive  force,  remains  to  be  considered. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 
DISCUSSION  AT  THE  SEVENTH  ANNUAL  CONVENTION.* 

FLEXUEE  OF  BEAMS. 

Mr.  EoBERT  H.  Thubston — Referring  to  ^^Eesistances  of  beams  to 
flexure'': — t 

lo.  I  agree  ftilly  with  General  Barnard  in  considering  the  formula  of 
Kavier,  and  those  in  common  use  as  based  upon  them,  as  well  as  the  ar- 
guments of  Becomble  sustaining  the  former,  as  not  well  supported  by 
the  results  of  experiment,  except  in  a  few  special  cases. 

2o.  The  ordinaiy  theory,  and  its  resulting  equations,  in  which  the  re- 
sistances of  particles  to  compression  and  to  extension  are  proportional 
to  their  distance  from  the  neutral  surface,  are  apparently  sufficiently 
correct  up  to  that  limit  of  flexure  at  which  the  exterior  sets  of  particles 
on  the  one  side  or  on  the  other  are  forced  beyond  the  elastic  limit. 

3^.  With  absolutely  non-ductile  materials,  or  materials  destitute  of 
'\i8cosity,  fracture  occurs  at  this  point.  But,  with  ordinary  materials, 
and  notably  with  good  iron,  low  steel,  and  all  of  tlie  useful  metals  and 
alloys  in  common  employ,  rui)tiure  does  not  then  take  place. 

4P.  The  exterior  portions  of  the  mass  are  compressed  on  the  one  side, 
offering  more  and  more  resistance  nearly,  if  not  quite,  up  to  the  point 
of  actual  breaking,  which  breaking  may  only  occur  long  after  passing 
the  elastic  limit.  On  the  other  side,  tlie  similar  sets  of  particles  are 
drawn  apart,  passing  the  elastic  limit  for  tension,  and  then  resisting  the 
stress  with  approximately  constant  force,  ^'flow"  occurring  until  that 
limit  of  flow  is  reached,  and  rupture  takes  place. 

50.  Fracture  may  occur  under  either  of  several  sets  of  conditions. 

A.  The  material  may  be  absolutely  brittle,  (a.)  In  this  case  the  elastic 
limit  and  the  limit  of  rupture  coincide  for  both  simple  tension  and  simple 
compression.  The  piece  will  break  with  a  snap  when,  under  flexure, 
either  limit  is  reached,  (b.)  Or,  it  may  happen  that  the  limit  is  reached 
simultaneously  on  both  sides. 

B.  The  material  may  be  slightly  viscous,  (a.)  The  flexure  of  the 
piece  will  produce  compression  or  extension,  or  both,  beyond  the  elastic 

*  Referring  to  Record  of  Experiments  showing  the  character  and  position  of  Neu- 
tral Axes,  as  shown  by  polarized  light,  L.  Kickersou,  vol.  iii,  page  31 ;  aud  to  Resist* 
ance  of  Beams  to  Flexure,  J.  G.  Barnard,  vol.  iii,  page  123. 

tVol.  iii,  page  123. 
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limit  before  rupture,  giving  three  sets  of  conditions  to  be  expressed  by 
the  fon^ula.  (b.)  The  increase  of  resistance  after  passing  the  elastic 
liuDiit  will  not  be  similar  for  both  forms  of  resistance,  and  each  substance 
will  probably  be  found  characteristically  distinguishable  from  every 
other,  (c.)  It  would  appear  from  experiments  already  familial*,  that  the 
resistance  to  compression  will  frequently  increase  in  a  very  high  ratio 
as  compared  with  that  to  extension,  thus  swinging  the  neutral  surface 
toward  the  compressed  side,  and  probably  sometimes  approximately  to 
the  limiting  surface,  with  very  hard  and  friable  substances,  thus  bring- 
ing about  something  like  a  correspondence  with  "Galileo's  theory/' 
This,  I  presume,  does  not  often  happen. 

C.  The  material  may  be  very  ductile  or  viscous.*  (a.)  In  this  case 
the  phenomena  of  flexure  and  rupture  will  be  as  last  described,  but  of 
exaggerated  extent  and  importance,  (b.)  The  resistances  to  extension 
and  to  compression  as  developed  in  this  case  will  be  approximately,  or 
accurately,  those  observed  in  experiments  producing  rupture  by  direct 
tension  and  by  direct  compression.  The  neutral  surface  will  be  deter- 
mined in  position  by  the  ratio  of  these  ultimate  resistances. 

6o.  Proposition  1,  of  Decomble,  as  rendered  by  General  Barnard,t 
therefore,  may  or  may  not  be  true  for  any  individual  case,  and  it  cannot 
be  true  for  aU  materials.  Proposition  2  is,  I  think,  probably  correct,  it 
being  understood  that  the  effect  of  "flow''  in  producing  modification  of 
the  coefficients  of  elasticity  and  of  rupture  is  comprehended.  Proposi- 
tion 3  is,  I  should  say,  certainly  incorrect  for  ductile  substances. 

Decomble  is,  therefore,  in  error  in  claiming  that  Navier's  theories, 
narrow  and  inflexible  as  are  their  conditions,  explain  "all  phenomena'' 
of  flexure  and  rupture,  or  that  it  can  always  give  us  correct  moduli  of 
rupture,  or  that  it  is  in  "  complete  harmony "  with  any  but  a  narrow 
range  of  practice. 

70.  The  statement  that  "  any  load,  however  small,"  is  "  capable  of  pro- 
ducing rupture,  providing  that  the  trial  is  sufficiently  prolonged,"  I  have 
long  since  shown,  by  experiment  (which  has  been  published  in  this 
country  and  in  Europe),J  to  be  quite  the  reverse  of  the  truth  in  the  case 
of  iron,  steel,  &c.  The  fact,  as  shown  by  the  fac-8imile  strain-diagrams 
illustrating  these  papers,  being  that  static  stressj  less  than  that  producing 
rupture^  but  greater  than  that  corresponding  with  the  elastic  limit,  produces 
actual  increase  of  resisting  power.  This  fact  has  since  been  proven  by 
other  investigators  and  by  quite  independent  methods  of  research. 

80.  I  have  also  shown  in  those  experimental  investigations  that  the 
converse  fact  exists,  that  distortion^  rapidly  produced,  causes  an  actual 
decrease  of  resisting  power.  Strain-diagrams  were  given  illustrating  this 
fact  very  strikingly. 

9^.  This  variation  of  resistance  with  variation  of  the  method  of  rup- 
ture introduces  another  element  of  uncertainty  into  *f  Javier's  theory," 
as  well  as  into  all  formulas  yet  constructed.  This  element  must  remain 
nntil  experiment  has  indicated  a  measure  of  it  and  the  form  of  the  func- 
tion expressing  its  law,  and  thus  enable  us  to  construct  a  correct  formula. 

1(P.  Eeferring  to  the  remarks  of  General  Barnard  which  follow  the 
paper  under  discussion,§  we  may  find  in  the  phenomena  just  considered 
a  reason  for  the  fact,  remarked  by  him,  that  "  beams  fractured  by  shot 

*  It  is  to  be  remembered  that  viscosity  aud  high  cohesive  force  may  coexist;  as 
Bhown  by  Prof.  Henry  and  Mon.  Tresca. 

tVol.  lii,  page  123. 

t  Transactions,  vol.  ii,  page  239 ;  vol.  iii,  page  12,  &c. ;  Journal  of  the  Franklin 
Institute,  1874;  Van  Nostrand's  Engineering  Magazine,  1874;  London  Engineering, 
1873;  Practical  Mechanics^  Magazine,  1874;  Dinger's  Polytechnischee  Jouinialf  1875. 

i  Vol.  iii,  page  127. 
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did  not  resist  anytliin^  like  so  ranch"  as  tliose  broken  nnder  the  dow 
and  steady  action  of  the  hydraulic  press. 

no.  The  assumption  that  resistances  vary  each  way  fix)m  the  neutral 
surface  proportioually  with  their  distance  from  that  surface  is,  when 
coupled  with  a  rejected  hypothesis  of  Navier,  nevertheless^  not  far  from 
the  truth  in  special  cases,  as  may  be  shown  by  proper  mathematical 
treatment  and  comparison  with  results  obtained  experimentally. 

12^.  Mr.  William  Kent  made  this  comparison  for  cast  and  wrought 
iroji  and  for  ash.  The  results  of  analysis  and  of  experiment  give  the 
following  values  of  the  K  in  the  ordinary  formula :  • 


M=i  R  B  D» 


(1) 


for  a  beam  fixe<l  at  one  end,  loaded  at  the  other : 


Cast  iron. 


R  (theortotical)  .. 
K  (ezperlmenta]) 


Wroa^bt 

ITUD. 


60,000 
60.00J 


Ash. 


130.  This  remarkable  approximation  is  thu&  derived :  Suppose  a  fixed 
beam,  Fig.  5,  with  loaded  exti'emity,  the  force  P  being  a  y^g  5 
measure  of  the  weight  W,  and  the  "beam  ha^-ing  a  depth 
D,  a  breadth  unity,  and  a  neutral  surface  situated  at  a 
distance  Y  from  the  superior  surface  of  the  beam.  Rep- 
resenting the  resistances  graphically  by  the  triangles  T 
N,  C  N ;  their  measures  in  tension  and  compression  are  ^ 
respectively  J  T  N,  J  C  ^N",  and  their  moments  are  i  T  N 
XS  Y=J  T  Y*,  and  i  C  Xx§  (D-Y)=i  C  (D-Y)«.  An 
early  hypothesis  of  Navier,  which  seems  to  have  been 
entirely  abandoned  by  him  subsequently,  and  which  has  not  been  accepted 
by  subsequent  writers  on  the  subject,  makes  these  moments  equal  As- 
suming this  to  be  correct, 


TY2=C(D-Y)» 


and.-^= 


Y» 


(2) 
(3) 


T      (D-Y)» 

and,  from  this  expression,  we  may  find  the  position  of  the  neutral  sur- 
face, as  determined  by  the  assumed  conditions.  Then,  letting  B=the 
brealdth  of  the  beam, 

w 


W  L=J  B  [T  Y»+C  (D-Y)2]=i  R  B  D* 


in  which  latter  expression  R  is  the  modulus  of  rupture,  and  its  value  can 
be  found  when  G  and  T  are  known.  It  will  always  be  of  a  value  int^- 
mediate  between  T  and  C. 

149,  The  following  are  the  data  and  results  for  the  three  cases  taken; 
the  results  are  well  worthy  of  examination  and  record : 


T 

0 

B 

1 
1 

1 

D 

I 
1 
1 

L 

1 
1 
1 

Y 

D-Y 

WL 

S 

Oast  iron ; 

16,000 
60,000 
n,itO0 

96.000 

60.000 

9,000 

0.71      Ol29 

5,380      3S,S80 

Wronght  Iron 

a5 

0.48 

0.5 

a56 

10.000    oaooo 

Ash  timber 

9,090 

UIM 

*  Wood  on  Resistauce  of  Materials. 
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15^.  The  common  theory  of  mptiire,  as  it  is  defined  by  Professor  Wood, 
is  confessedly  far  from  correct,  and,  as  shown  at  the  beginning  of  these 
remarks,  the  neutral  surface  must  vary  in  position,  and  cannot  invariably 
pass  through  the  center  of  gravity  of  section.  It  would  seem  that  such 
coincidence  of  i)osition,  when  occurring  at  all,  is  simply  a  matter  of  in- 
cidental concurrence  of  conditions.  I  therefore  consider  the  criticism 
of  General  Barnard  to  be  just  in  this  i)oint. 

160.  The  accurate  mathematical  expression  of  the  phenomena  of 
flexure  and  rupture,  as  already  remarked,  must  be  vastly  more  compre- 
hensive and  flexible  and  more  fa<5ile  of  application  than  any  yet  pro- 
posed. As  I  have  shown,  it  is  not  suflftcient  that  both  Ri  and  Rj — i.  e., 
both  T  and  C — ^appear  in  the  formulas,  as  proposed  by  Becomble.  The 
real  value  of  these  quantities,  as  there  appearing,  must  vary  as  some 
function  of  distance  from  the  neutral  line,  while  the  position  of  the  neu- 
'  tral  line  must  itself  vary  with  both  the  value  of  T  and  C  in  different 
cases,  and  witli  their  change  of  value  in  the  same  beam,  as  flexure  pro- 
gresses and  after  rupture  commences.  These  variable  functions  must 
all  be  taken  into  account  and  comprised  in  the  general  expression  for 
the  moment  resisting  fracture. 

The  characters  of  these  fimctions,  however,  are  unfortunately  not  yet 
ascertained,  and  it  is  only  after  experiments  in  which  the  moment  of  re- 
sistance is  accurately  measured  during  every  stage  of  fracture,  and 
so  completely  that  the  strain-diagram  of  the  experiments  can  be  graph- 
ically given,  or  its  equation  constructed,  that  we  can  obtain  their  values. 
This  has,  as  yet,  been  done  in  but  few  cases,  as  in  some  experiments  of 
Hodgkinson,  in  the  work  of  Styfte,  and  in  experiments  made  by  Rodman. 

170.  It  does  not  necessarily  follow  that  the  formulas  finally  resulting 
must  be  either  complex  or  inconvenient  of  application.  Simple  expres- 
sions will,  at  least,  be  found  for  special  cases  of  simple  character,  which 
will  serve  every  purpose  of  the  engineer. 

I80.  It  is  also  tnie,  as  remarked  by  Professor  Wood,  and  as  known  by 
every  engineer,  that  the  phenomena  of  flexure  within  admissible  limits 
are  much  less  complex  and  much  less  difficult  of  manipulation  than  those 
of  rupture,  or  than  those  resulting  in  serious  permanent  distortion. 
Hence,  it  is  true  that  ordinary  engineering  practice  is  not  placed  at 
such  a  serious  disadvantage  as  these  defects  of  the  theory  of  strain 
might  seem  to  indicate. 

190.  In  common  with  every  member  of  the  profession,  I  am  called 
upon  to  admit  the  great  ser^ices  rendered  us  by  Navier  in  the  splendid 
work  done  by  him  at  VEcole  des  Fonts  et  ChaussSes^  in  establishing  a 
theory  of  engineering,  as  well  as  in  working  up  a  theory  of  rupture,  and 
I  desire  to  acknowledge  those  services,  while  declining  to  admit  absolute 
accuracy  in  his  theories.  They  were  constructed  at  a  time  when  science 
was  apparently  divorced  from  the  practice  of  engineering,  and  when  his 
services  in  securing  a  genuine  union  were  most  invaluable.  He  must 
klwa3's  be  regarded  as  one  of  the  great  leaders  in  our  profession. 

I  would  unite  with  General  Barnard  in  his  remarks,  relative  to  the 
attempt  of  Navier's  pupil,  Decomble,  to  retain  the  theory  while  mod- 
ifying the  formulas  of  Navier :  "  If  by  discarding  a  coefficient  founded 
upon  an  imaginary  coefficient  of  elasticity,  and  the  introduction  of  dis- 
tinct and  independent  factors,  symbolic  of  resistance  to  rupture  by  com- 
pression and  extension,  it  is  shown  that  the  Kavier  formula  can  be 
made  reliable,  an  important  service  has  been  rendered  to  engineering 
science.'^* 

I  would  myself  add  that  the  discovery  and  the  mathematical  expres- 

*  Vol.  iii,  page  126. 


492  TESTS   OF  METALS. 

sion  of  the  varying  functions  which  I  have  described,  and  the  establish- 
ment  of  formulas  of  application  embodying  the  facts  of  the  variation  of 
the  coefficient  of  elasticity,  of  that  of  the  module  of  resistance  of  ruptore 
by  tension  and  compression,  and  in  the  position  of  the  neutral  surface, 
which  are  still,  as  previously,  essential  but  unknown  elements  of  a  cor- 
rect theory  of  strain;  all  of  these  yet  remain  to  comi)ensate  some  skill- 
ftil  experimenter  and  expert  anal3'st.  Their  determination  would  earn 
for  their  fortunate  discoverer  higher  distinction  than  ever  won  by  either 
Coulomb  or  i^a\ier. 


/ 
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RESEARCHES  ON  THE  METALLIC  ALLOYS. 

INTRODUCTION. 

The  Writer,  before  maklrtg  the  researches  directed  by  the  Committee 
on  Metallic  Alloys,  and  before  entering  npon  the  series  of  experiments 
on  the  characteristics  of  alloys,  has,  a«  a  proper  introduction  to  the 
work,  made  a  somewhat  exhaustive  examination  of  the  records  of  earlier 
experiments  made  In  this  direction,  with  a  purpose,  both  to  save  useless 
labor  in  repeating  that  part  of  the  work  which  has  already  been  done 
by  investigators  of  acknowledged  authority,  and  to  make  the  report 
to  the  committee  more  complete  by  incorporating  a  synopsis  of  the 
records  of  researches  of  others.  A  large  number  of  papers  by  various 
writers  in  the  diflFerent  American  and  foreign  scientific  journals  have 
been  reviewed,  as  well  as  articles  on  the  alloys  in  encyclopedias,  dic- 
tionaries of  ohemistiry,  &c.  In  all  cases  where  practicable,  the  original 
memoirs  were  consulted.  A  list  of  the  authorities  and  papers  will  be 
found  in  the  apxjendix. 

The  result  of  this  preliminary  investigation  has  been  to  revejJ  a  va«t 
amount  of  information  on  the  chemical  and  physical  properties  of  the 
alloys ;  but  such  information  is  Midely  scattered,  and  authorities  do  not 
always  agree.  Some  experiments  have  been  made  npon  alloys,  made 
from  the  impiure  commercial  metals,  others  from  metals  rendered  chem- 
ically pure  for  the  purpose.  As  a  necessary  consequence,  the  results  of 
these  experiments  differ.  Again,  the  apparatus  used  has  not  always 
been  of  the  same  degree  of  accuracy,  and  this  has  produced  another 
cause  of  disagi'eement.  These  differences,  however,  are  usually  slight. 
The  greatest  difficulty  in  obtaining  information  on  the  subject  is  not 
that  there  is  not  enough  written,  but  that  what  is  written  is  so  widely 
scattered  as  to  be  accessible  to  but  few. 

This  deficiency  it  will  be  endeavored  in  some  degree  to  remedy,  by 
placing  the  results  obtained  by  various  experimenters  side  by  side. 

We  shall  consider,  In  the  first  place,  the  properties  of  the  alloys  in 
general,  and  then  discuss  the  different  alloys  in  order,  beginning  with 
alloys  of  two  metals  only,  and  then  taking  those  of  three  or  more. 
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PROPERTIES  OF  THE  ALLOYS  IN  GENERAL. 


It  is  evident  that  alloys,  being  comiwsed  of  metallic  bodies,  will  pos- 
sess all  the  physical  and  chemical  characteristics  of  metals ;  they  liave 
the  mettillic  luster,  are  more  or  less  ductile,  malleable,  elastic,  and  sono- 
rous, and  conduct  heat  and  electricity  with  remarkable  facility.  In  re- 
taining these  properties,  however,  the  compound  is  so  modified  in  some 
of  its  properties,  that  it  often  does  not  resemble  either  of  its  constituents, 
and  might,  consequently,  be  regarded  as  a  new  metal,  having  character- 
istics peculiar  to  itself.  This  is  especially  the  case  with  those  which  are 
used  in  the  art  s.  It  would  almost  seem  that  there  is  no  department  of 
the  arts,  requiring  the  use  of  metals,  for  which  an  alloy  may  not  be  pre- 
pared, possessing  all  the  requisite  qualities  when  these  are  not  found  in 
the  original  metals.  •  The  physical  properties  of  an  alloy  are  often  quite 
diiferent  from  those  of  its  constituent  metals.  Thus  copper  and  tin, 
mixed  in  certain  proportions,  form  a  sonorous  bell-metal,  possessing 
properties  in  which  both  metals  are  deficient ;  in  another  proportion  they 
form  speculum  metal,  which  is  as  brittle  as  glass,  while  both  of  the  con- 
stituent metals  are  ductile.  It  is  impossible  to  predict  from  the  charac- 
ter of  two  metals  what  will  be  the  character  of  an  alloy  formed  from 
given  proportions  of  each.  In  most  cases,  however,  it  will  be  found 
that  the  hardness,  tenacity,  and  fusibility  will  be  greater  than  the  mean 
of  the  same  properties  in  the  constituents,  and  sometimes  gi'eater  than 
in  either ;  while  the  ductility  is  usually  less,  and  the  specific  gra\ity  is 
sometimes  greater  and  sometimes  less.t  The  color  is  not  always  de- 
pendent upon  the  colors  of  the  constituent  metals,  as  is  shown  by  the 
brilliant  white  of  speculum  metal,  which  contains  G7  per  cent,  of  copper. 

Very  slight  modifications  of  proportions  often  cause  very  great  change-s 
in  properties.  M.  BischofJ  states  that  he  can  detect  the  deteriorating 
effect  of  one  part  tin  upon  10  million  parts  of  pure  zinc,  and  the  writer 
has  found  half  of  a  per  cent,  of  lead  to  reduce  the  strength  of  good 
bronze  neai'ly  one-half  and  to  affect  its  ductility  to  all  almost  equal 
extent. 

It  is  not  a  matter  of  indifference  in  what  order  the  metals  are  melted 
in  making  an  alloy.  Thus,  if  we  combine  90  parts  of  tin  and  10  of  cop- 
per, and  to  this  alloy  add  10  of  antimony  ;  and  if  we  combine  10  paits 
of  antimony  with  10  of  copper,  and  add  to  that  alloy  90  parts  of  tin,  we 
shall  have  two  alloys  chemically  the  same,  but  in  other  respects — ^fusi- 
bility, tenacity,  &c. — ^they  totally  differ.  In  the  alloys  of  lead  and  anti- 
mony, also,  if  the  heat  be  raised  in  combining  the  two  metals  much 
above  their  fusing  points,  the  alloy  becomes  harsh  and  brittle. 

Some  metallic  alloys  are  much  more  easily  oxidizable  than  the  sepa- 
rate metals.  An  alloy  of  tin  and  lead  heated  to  redness  takes  fire  and 
continues  to  burn  for  some  time.§ 

In  regard  to  certain  physical  properties,  Matthiessen||  remarks  that  the 
metals  may  be  divided  into  two  classes: 

Class  A. — Those  metals  which  impart  to  their  alloys  their  physical 
properties  in  the  proportion  in  which  they  themselves  exist  in  the  alloy. 

Class  B, — Those  metals  which  do  not  impart  to  their  alloys  their  phys- 
ical properties  in  the  proportion  in  which  they  themselves  exist  in  the 
alloy. 

*  Mn8pratt-8  Cheinistrj-,  vol.  1,  p.  533. 

t  lire's  Dictionary,  vol.  1,  pp.  46-60. 

t  British  Assoc.  Reiwrts,  2,  1870,  pp.  209,  210. 

$  lire's  Dictionary,  vol.  1,  p.  49. 

11  Jour.  Chem.  Soci.,  vol.  5,  1867,  pp.  201-220. 
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The  metals  belonging  to  class  A  are  lead,  tin,  zinc,  and  cadmium ;  and 
those  belonging  to  class  B,  in  all  probability,  all  the  rest. 
The physwal properiies  of  alloys  may  be  divided  into  three  classes: 

I.  Those  which  in  all  cases  are  imparted  to  the  alloy  approximately 
in  the  ratio  in  which  they  are  possessed  by  the  component  metals. 

II.  Those  which  in  all  cases  are  not  imparted  to  the  alloy  in  the  ratio 
in  which  they  are  possessed  by  the  component  metals. 

III.  Those  which  in  some  cases  are  and  in  others  are  not  imparted  to 
the  alloy  in  the  ratio  in  which  they  are  possessed  by  the  component 
metals. 

As  types  of  the  first  class,  specific  gravity,  specific  heat,  and  expan- 
sion due  to  heat  may  be  taken ;  as*  types  of  the  second  class,  the  fusiug 
points  and  crystalhne  form ;  and  as  types  of  the  third  class,  the  conduct- 
ing power  for  heat  and  electricity,  sound,  elasticity,  and  tenacitj'. 

THE  CHEMICAl.  NATURE  OF  ALLOYS. 

The  chemical  nature  of  alloys  has  long  remained  a  disputed  point  among 
scientists.  The  question  "Are  alloys  definite  chemical  compounds,  solu- 
tions, or  mechanical  mixtures  f "  is  not  easily  answered.  Several  authors 
give  their  views  and  describe  their  methods  of  making  experiments  to 
settle  this  question,  but  there  still  remains  a  wide  difference  of  opinion 
in  regard  to  it.  Most  writers  now  agree,  however,  in  considering  some 
alloys  as  chemical  comi)ounds  and  others  as  mixtures,  but  they  differ  as 
to  whether  any  particular  alloy  is  the  one  or  the  other.  Thus  Calvert 
and  Johnson*  consider  the  tin-copper  alloys  definite  compounds,  while 
Matthiessent  claims  that  they  are  "solidified  solutions  of  one  nfetal  in 
the  allotropic  modification  of  the  other.''    MusprattJ  says: 

Many  alloys  coDsist  of  simple  elements  in  definite  or  equivalent  proportions,  while 
others  are  produced  from  compound  bodies,  and  often  the  components  do  not  exist  in 
the  ratio  of  their  chemical  equivalents.  Metals,  in  forming  alloys,  do  not,  however, 
combine  indiscriminately  with  one  another ;  the  union  is  governed  by  the  greater 
affinities  which  some  of  them  manifest  for  each  other,  just  as,  in  the  chemistry  of  bases 
and  acids,  a  predisposing  attraction  determines  a  preference.  This  in  some  measure 
proves  that  the  alloys  are  not  mechanical  mixtures,  but  definite  chemical  compounds. 
It  is  remarkable  that  tlie  native  gold  found  in  auriferous  sands  and  rocks  is  aUoyed 
with  8ilv€*r  in  the  ratio  of  one  equivalent  of  the  latter  to  four,  five,  six,  eight,  ten,  et 
cetera,  equivalents  of  the  fonner,  biit  the  combinations  never  aitbrd  results  ind[icative 
of  the  metal  being  united  in  fractional  parts  of  an  equivalent. 

Muspratt  further  says  that  another  proof  of  the  chemical  combination 
subsisting  is,  that  the  compound  melts  at  a  lower  temperature  than  the 
mean  of  its  ingredients;  but  Matthiessen§  argues  that  this  is  no  proof 
at  all. 

Watts  II  remarks  that  most  metals  are  probably  to  some  extent  capable 
of  existing  in  combination  with  each  other  in  definite  proi)ortions  5  but 
it  is  difficult  to  obtain  these  compounds  in  a  separate  condition,  since 
they  dissolve  in  all  proportions  in  the  melted  metals,  and  do  not  gen- 
erally differ  so  widely  in  their  melting  or  solidifying  points  from  the 
metals  they  may  be  mixed  with  as  to  be  separated  by  crystallization  in 
a  definite  condition. 

The  chemical  force  capable  of  being  exerted  between  different  metals  may,  as  a  rule, 
be  expected  to  be  very  feeble,  and  the  consequent  state  of  combination  would  there- 
•fore  be  very  easily  disturbed  by  the  influence  of  other  forces.  But  in  all  cases  of  com- 
bination between  metals,  the  alterati(m  of  physical  properties,  which  is  the  distinctive 

•Phil.  Trans.,  1858,  p.  363. 

t  British  Assoc.  Rep.,  1863,  p.  47. 

tMuspratt's  Chemistry,  vol.  l,p.  534. 

$  British  Assoc.  Rep.  1863,  p.  42 ;  also,  Jour.  Chem.  Soc,  vol.  5,  1867,  p.  207. 

i  Watts's  Dictionary,  vol.  iii,  p.  942. 
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feature  of  chemical  combination,  does  not  take  place  to  any  ^reat  extent.  The  most 
nuquestionable  compounds  of  metals  are  still  metallic  in  their  general  physical  char- 
acters, and  there  is  no  such  transmnt>ation  of  the  individuality  of  their  constituents 
as  takes  place  in  the  combination  of  a  metal  with  oxygeu,  or  sulphur,  or  chlorine,  ^. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  degree  of  hard- 
ness, tenacity,  &c. 

Messrs.  Calvert  and  Johnson,*  about  the  year  1860,  made  a  long  series 
of  experiments  on  alloys  and  amalgams  made  with  pure  metals,  with 
the  hope  of  throwing  some  light  uiK)n  the  subject,  and  of  solving  the 
question  *<Are  alloys  mixtures  or  compounds  ?"  They  believe  that  they 
have  succeeded  in  ascertaining :  First,  the  influence  which  each  addi- 
tional equivalent  quantity  of  a  metal  exerts  on  another ;  secondly,  the 
alloys  which  are  compounds  and  those  which  are  simple  mixtures,  for 
compounds  have  special  and  characteristic  properties,  while  mixtures 
participate  in  the  properties  of  the  bodies  composing  them.  They  hold 
that  the  bronze  alloys  are  definite  compounds ;  for  each  alloy  has  a 
special  value  of  conductivity  of  heat,  and  also  its  own  specific  gravity, 
and  its  own  rate  of  expansion  or  contraction  5  while,  on  the  contrary, 
the  alloys  of  tin  and  zinc  are  mixtures ;  for  they  conduct  heat,  have  a 
specific  gravity  and  expand  according  to  theory,  or  according  to  the 
proportions  of  tin  and  zinc  which  compose  each  alloy.  Calvert  and 
Johnson's  conclusions  are  chiefly  based  upon  their  experiments  on  the 
heat  conductivity  of  the  alloys.  Later  experiments,  made  by  M atthies- 
sen,t  on  the  conducting  power  for  electricity,  led  him  to  different  con- 
clusions. He  experimented  upon  upwards  of  250  alloys,  all  made  of 
purified  metals.  The  results  of  his  investigations  are  published  in  a 
valuable  paper,  "On  the  Chemical  I^ature  of  Alloys,"  from  which  we 
'  transcribe  the  following  classification  of  the  solid  alloys,  composed  of 
two  metals,  according  to  their  chemical  nature.  The  reasons  for  this 
classification  are  given  in  full  in  the  above-named  paper,  but  we  must 
omit  them  here  for  want  of  space. 

1.  ISolidified  solutionis  of  one  metal  in  another : 

The  lead-tin,  cadmiam-tin,  zinc-tin,  lead-cadmium,  and  zinc-cadmium 
alloys. 

2.  Solidified  solutions  of  one  metal  in  the  allotropio  modification  of  an- 
other : 

The  lead-bismuth,  tin-bismuth,  tin-copper,  zinc-copper,  lead-silver,  and 
tin-silver  alloys. 

3.  Solidified  solutions  of  allotropio  m4>difi,cations  of  the  metals  in  each 
other : 

The  bismuth-gold,  bismuth-silver,  palladium-silver,  platinum-silver, 
gold-copper,  and  gold-silver  alloys. 

4.  ChemiM'  combinations : 

The  alloys  whose  composition  is  represented  by  SujAu,  Sn2  Au,  and 
Au2  Sn. 

5.  ^lidified  solutions  of  chemical  combinations  in  one  another  : 

The  alloys  whose  composition  lies  between  Sn^  Au  and  Suj  Au,  and 
Sn^  Au  and  Auj  Sn. 

6.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  another : 
The  alloys  of  Jead  and  zinc,  when  the  mixture  contains  more  than  1.2 

per  cent,  lead  or  1.6  per  cent.  zinc. 

7.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  the  aUotropiif 
modification  of  the  other : 

The  alloys  of  zinc  and  bismuth,  when  the  mixture  contains  more  than 
14  per  cent,  zinc  or  2.4  per  cent,  bismuth. 


*c 


See  list  of  Calvert  &  Johnson's  papers  in  the  appendix. 
t  British  Assoc.  Reports,  1863,  pp.  37-48, 
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8.  Mechanical  mixtures  of  solidified  solutions  of  the  allotropic  modificor 
Hans  of  the  two  metals  in  one  another : 

Most  of  the  silver-copper  alloys. 

Matthiessen,  however,  does  not  claim  that  the  above  classification  is 
not  liable  to  exception.  He  was  obliged  to  assume  that  some  of  the  met- 
als undergo  a  change,  or  are  converted  into  an  allotropic  modification 
in  the  presence  of  another  metal,  in  order  to  explain  some  of  the  phe- 
nomena which  he  observed,  but  he  admits  that  until  the  allotropic  modi- 
fications have  been  isolated,  the  assumption  must  remain  a  h.\7)0thesi8. 

To  conclud'. ,  we  can  only  say  that  the  question  is  still  unsettled.  From 
the  marked  x)eculiaritie8  of  properties  observed  in  a  few  of  the  alloys, 
vre  are  led  to  pronounce  them  chemical  compounds.  Some  others,  we 
must  admit,  are  simple  mixtures,  or  rather,  solidified  solutions.  But  in 
reganl  to  the  large  majority  we  are  still  in  doubt.  Further  experiments 
may  throw  more  light  on  the  subject,  but  it  is  probable  that  >vith  the 
larger  immber  of  alloys  it  will  be  found  impossible  to  discover  their  ex- 
act chemical  nature. 

SPECIFIC  GRAVITY. 

The  specific  gravity  of  an  alloy  is  rarely  the  mean  between  the  densi- 
ties of  each  of  its  constituents.  It  is  sometimes  greater  and  sometimes 
lens,  indicating,  in  the  former  case  an  approximation,  and  in  the  latter 
a  separation  of  the  particles  from  each  other  in  the  process  of  alloying. 
This  subject  has  been  studied  by  several  writers,  and  their  published 
results  agree  quite  closely  in  regard  to  some  of  the  alloys,  but  differ  in 
regard  to  others.  These  differences  may  be  accounted  for  by  the  differ- 
ences in  the  apparatus  used  by  the  experimenters,  by  the  fact  that  some 
detenninations  have  been  corrected  for  temperature  and  pressure  of  the 
atmosphere  while  others  were  not,  but  principally  from  the  fact  that 
several  of  the  alloys  are  liable  to  be  very  deficient  in  homogeneity,  and 
that  the  density  of  the  same  alloy  will  vary  according  to  the  conditions 
under  which  it  is  formed,  as  being  cast  too  cold  or  too  hot,  cast  in  iron 
or  in  sand  moulds,  &c.  A  bar  cast  in  a  vertical  position  is  apt  to  have 
a  greater  specific  gravity  at  the  bottom  of  the  bar  than  at  the  top.  Ee- 
peated  fusion  of  an  alloy  also  causes  changes  in  its  density. 

It  is  common  among  authorities  who  publish  determinations  of  spe- 
cific gravities  of  the  alloys,  to  give  the  calculated  as  well  as  the  observed 
si)eciflc  gravity.  The  calculated  specific  gravity  is  that  which  the  alloy 
would  have  if  there  were  neither  expansion  nor  condensation  of  the 
metals  during  the  act  of  combination.  Some  writers  have  made  a  mis- 
take in  finding  the  calculated  specific  gravity  by  assuming  it  to  be  the 
arithmetical  mean  between  the  numbers  denoting  the  two  si)ecific  gravi- 
ties, or,  in  other  words,  multiplying  the  percentage  weight  of  each  oon- 
stituent  by  its  specific  gravity,  adding  the  results  and  dividing  by  100. 
Tlie  specific  gravities  should  be  calculated  from  the  volumes  and  not 
from  the  weights.  Dr.  Ure*  gives  the  correct  rule  as  follows :  Multiply 
the  sura  of  the  weights  into  the  products  of  the  two  specific  gravity 
numbers  for  a  numerator,  and  multiply  each  specific  gravity  number 
into  the  weight  of  the  other  body  and  add  the  products  for  a  denominar 
tor.  The  quotient  obtained  by  dividing  the  said  numerator  by  the  de- 
nominator is  the  truly  computed  mean  specific  gravity  of  the  alloy. 
Expressed  in  algebraic  language,  the  above  rule  is — 

•  Ure^s  Dictiouary,  vol,  1,  p.  49. 

H.  Ex.  98 32 
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where  M  is  the  mean  specific  gravity  of  the  alloy,  W  and  w  the  weights, 
and  P  and  p  the  specific  gravities  of  the  constituent  metals.  Calvert 
and  Johnson  *  seem  to  have  fallen  into  the  error  just  mentioned,  and 
the  expansion  and  condensation  of  different  alloys  as  given  by  them  is 
not  strictly  correct.  Professor  Bolley  has  also  committed  the  same,  as 
shown  by  Matthiessen.t 

The  observed,  or  real,  specific  gravities  of  the  alloys,  however,  pub- 
lished by  these  writers,  are  not  affected  by  the  error  named,  and  they 
are,  no  doubt,  worthy  of  acceptance. 

The  valuable  compilation  of  the  "  Constants  of  Nature,''!  published 
by  the  Smithsonian  Institution,  contains  a  full  table  of  specific  gravities 
of  the  alloys,  with  the  names  of  about  twenty-five  authorities.  Of  these* 
the  principal  are  Mallet,§  Calvert  and  Johnson,||  Matthiesseu,^]  and 
liiche.** 

The  following  table  of  the  alloys  whose  density  is  greater  or  less  than 
the  mean  of  their  constituents,  is  given  by  several  writers : 


Alloys,  the  denBlty  of  which  U  groater  than  the 
mean  of  their  constituents. 

Gold  and  zinc. 
Gold  and  tin. 
Gold  and  bismuth. 
Gold  and  antimony. 
Gold  and  cobalt. 
Silver  and  zinc. 
Silver  and  tin. 
Silver  and  bismuth. 
Silver  and  antimony. 
Copper  and  zinc. 
Copper  and  tin. 
Copper  and  palla<lium. 
Copper  and  bismuth. 
Lead  ai\d  antimony. 
Platinum  and  molybdenum. 
Palladium  and  bismuth. 


Alloys,  the  density  of  which  is  less  than  the 
of  their  constituents. 

Gold  and  silver. 
Gold  and  iron. 
Gold  and  lead. 
Gold  and  copper. 
Gold  and  iridium. 
Gold  and  nickel. 
Silver  and  copper. 
Irtm  and  bismutli. 
Iron  and  antimony. 
Iron  and  lead. 
Tin  and  lead. 
Tin  and  lead. 
Tin  and  palladium. 
Nickel  and  arsenic. 
Zinc  and  antimony. 


The  shove  table  is  probably  inaccurate  in  many  respects.  Calvert  and 
Johnson  agree  with  Matthiessen  in  giving  the  density  of  the  alloys  of 
lead  and  antimony  as  less  than  the  mean  of  the  constituents,  and  Mat'- 
thiessen  shows  the  alloys  of  le^  and  gold  to  have  a  greater  density 
than  the  mean  of  their  ex)n8tituent8.  Some  alloys  of  tin  and  gold  and 
of  bismuth  and  silver  are  shown  by  Matthiessen  to  have  a  greater,  and 
some  a  less,  density  than  the  mean  of  their  constituents,  and  the  same 
is  true  of  the  alloys  of  some  other  pietals. 


FUSIBILITY, 

A  remarkable  property  of  many  of  the  alloys  is  their  great  fusibility. 
In  nearly  all  cases  the  fusing  point  of  an  alloy  is  lower  than  the  mean 
of  its  constituent  metals,  and  in  some  instances,  as  in  the  so-called  fiisi- 
ble  alloys,  it  is  lower  than  that  of  either.  The  cause  of  this  fsict  has 
not  been  definitely  ascertained.  Some  regard  it  as  a  proof  that  tlie 
alloy  is  a  distinct  chemical  compound,  but  most  authorities  diflFer  from 

"*^Phil.  Mag.,  18,  1859,  pp.  354-359. 

t  Jour.  Chem.  Soc,  vol.  15,  1862.  pp.  30,  106. 

t  Constants  of  Nature,  publishea  by  the  Smithsonian  Institution,  Washington,  D.  C, 
1873. 

$  Phil.  Mag.,  vol.  21,  1842,  pp.  66-68. 

II  Phil.  Mag.,  vol.  18,  1859,  pp.  354-359. 

IfPhiJ.  Trans.,  1860,  pp.  177-184. 

*•  Camptea  Bendus,  vol  55,  1862,  pp.  143-147. 
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this  view.  Matthiessen  •  supposes  that  chemical  combinations  may  exist 
in  the  fused  mass,  which  sutt'er  decomposition  on  cooling  or  solidifying. 
He  says  that  the  low  ftising  points  admit  of  explanation  by  assuming 
that  chemical  attraction  between  the  two  metals  comes  into  play  as  soon 
as  the  temperature  rises,  and  the  moment  the  smallest  portions  melt, 
then  the  actual  chemical  compound  is  formed  which  fuses  at  the  lowest 
temperature,  and  then  acts  as  a  solvent  for  the  particles  next  to  it,  and 
so  promotes  the  combination  of  the  metals  where  this  can  take  place. 

In  another  i)lacet  Matthiessen  remarks  that  all  mixtures  have  a  lower 
fusing  point  than  the  mean  of  the  substances  forming  the  mixture;  for 
instance,  salt-water  solidities  below  zero,  and  a  mixture  of  the  chlorides 
of  sodium  and  x)otassium  fuse  at  a  lower  point  than  the  mean  of  the 
fusing  points  of  the  components. 

This  fact,  he  believes,  admits  of  explanation  as  follows: 

* 

It  is  generally  admitted  that  matter  in  the  solid  state  exhibits  an  excess  of  attrac- 
tion over  repulsion,  while  in  the  liquid  state  these  forces  are  balanced,  and  in  the 
gaseous  state  repulsion  predominates  over  attraction.  Let  us  assume  that  similar 
particles  of  matter  attract  each  other  more  powerfully  than  dissimilar  ones.  It  will 
then  follow  that  the  attraction  subsisting  between  the  particles  of  a  mixture  will  be 
sooner  overcome  by  repulsion  than  in  the  case  of  a  homogeneous  body ;  hence  mixtures 
should  fuse  more  readilv  than  their  constituents. 

Some  alloys  have  been  observed  to  fuse  at  one  point  and  solidify  at  a 
lower  one  5  for  example,  the  tin-lead  alloys,  which  all  solidify  at  181°  C, 
but  the  fusijig  point  of  which  varies  w^ith  the  diiferent  proportions  of 
the  component  metals  from  I8I0  C.  to  292°  C. 

Concerning  these  alloys,  Pillicliodyf  remarks  as  follows: 

When  the  points  of  solidification  are  observed  by  immersing  the  thermometer  in  the 
melted  alloy,  it  usually  exhibits,  during  the  passage  of  the  mass  from  the  liquid  to 
the  solid  state,  two  stationary  points.  This  eft'ect  is  due  to  the  separation  of  one  or 
other  of  the  component  metals,  while  an  alloy  of  constant  composition  still  remains 
liquid.  This  alloy  corresponds  to  the  composition  Sus  Pb.  An  alloy  richer  \m  lead 
would  first  deposit  lead,  and  an  alloy  containing  a  larger  proportion  of  tin  would  first 
deposit  tin — the  alloy  Sug  Pb  remaining  liquid  lor  a  longer  or  shorter  time,  and  ulti- 
mately solidifying  at  181°  C.  This  temperature  therefore  corresponds  to  the  lowest 
melting  point  that  can  be  exhibited  by  an  alloy  of  tin  and  lead,  a  larger  proportion 
of  either  metal  causing  the  melting  point  to  rise. 

With  the  exception  of  the  alloys  of  tin  and  lead,  and  the  fusible  al- 
loys, the  fiising  points  of  but  few  of  the  alloys  have  been  determined.. 
An  accurate  pyrometer  for  temperatures  above  red  heat  is*  greatly 
needed  for  this  purpose.  The  "Constants  of  Kature,^'  while  it  has  the 
specific  gravities  of  several  hundred  alloys,  gives  the  melting  points  of 
only  six^  exclusive  of  the  fusible  alloys  and  those  of  lead  and  tin.  Mal- 
let§  gives  the  relative  fusibility  of  the  several  alloys  of  copper  and  tin 
and  copper  and  zinc,  and  shows  that  their  fusibility  increases  regularly 
as  the  proportion  of  copper  in  the  alloy  diminishes. 

Some  alloys  in  passing  from  the  liquid  to  the  solid  state  do  not  change 
at  once,  but  remain  for  some  tune  in  a  pasty  condition.  Their  tempera- 
ture of  solidification,  therefore,  cannot  be  distinctly  recognized.  This  is 
the  case  with  an  alloy  of  the  composition  Bij  Pb  Sn2,  which  is  fasible  in 
boiling  water,  but  which  remains  in  a  pasty  condition  through  an  inter- 
val of  several  degrees  of  temperature,  so  that  it  can  be  handled  like  a 
plaster. 

M.  Person  1 1  made  experiments  upon  the  alloys  Bia  Pbj  Sn^  (D'Ar- 

*  British  Assoc.  Reports,  1863,  p.  42. 

t  Jour.  Chem.  80c. ,  vol.  5,  1867,  p.  207. 

t  Jour.  Chem.  Soc,  vol.  15,  1862,  p.  30. 

$  Phil.  Mag.,  vol.  21,  1842,  pp.  66-68. 

II  Comptes  Bendu9y  vol.  25,  1847,  pp.  444-446. 
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cet's  alloy,  fusible  at  96°  C),  BU  Pb  Sdj  (fusible  in  boiling  water),  and  Bi 
Pb  Sn2  (^sible  at  145<^  C.)?  and  formed  the  conclusion  that  it  is  possible 
to  assign  in  advance  the  heat  necessary  to  fuse  an  alloy^  if  that  required 
to  fuse  each  of  it^s  component  metals  is  known.  He  gives  the  formula 
(160  +  ^)  t^  =  /.,  in  which  t  is  the  temperature  at  which  fusion  is  effected ; 
for  example,  332^  C.  for  lead  if  melted  alone,  but  only  96°  C.  if  melted 
in  D'Arcet's  fusible  alloy;  I  is  the  expenditure  of  heat  necessary  to  pro- 
duce the  Vision,  that  is,  a  certain  number  of  calories  (1  calorie^=^'SM 
British  thermal  units)  variable  with  f ;  tV  is  the  dift'erence  of  the  specific 
heats  of  the  liquid  and  solid.  If  t  and  I  are  known,  f>  can  be  found.  In 
the  ca^e  of  tin,  t  =  235,  I  =  14.3,  from  which  *  =  0.0362.  Having  this 
value  of  »v,  it  is  easy  to  calculate  the  heat  necessary  to  melt  tin  at  any 
temperature  whatever,  for  instance  at  96^  C,  for  which  we  find  9.3  cal^ 
Making  the  same  calculation  for  bismuth  and  for  lead  we  find  7.382  and 
2.7  cal.  It  only  remains  to  take  these  numbers  in  the  proi>ortion  in 
which  each  metal  exists  in  the  alloy,  which  gives  a  little  less  than  6.3 
calorieftj  which  difiers  from  the  number  found  by  experiment  (  6  cals.) 
only  0.3  cal, 

Nothing  appears  to  have  been  written  upon  this  branch  of  the  sub- 
ject since  M.  Person's  i)aper  was  published,  but  it  is  probable  that  if  the 
investigation  was  pursued  further  our  knowledge  of  the  causes  of  the 
remarkable  fusibility  of  the  alloys  woidd  be  much  increased. 

M.  Riche*  has  determined  the  melting  points  of  certain  alloys  of  tin 
and  copper,  by  means  of  BecquerePs  thermo-electric  pyrometer.  He 
obtained  concordant  results  with  the  alloys  Sn  Cua  and  Sn  OU4,  but  with 
all  other  alloys  the  residts  differed  widely  among  themselves. 

W.  C.  Roberts,t  chemist  to  the  British  mint,  has  published  a  series  of 
determinations  of  the  melting  i)oint«  of  several  alloys  of  silver  and  cop- 
per. The  temperature  was  estimated  by  finding  the  amount  of  heat 
contained  in  a  wrought-iron  cylinder  of  known  weight  which  was  dropped 
into  the  melted  alloy  while  in  the  furnace,  and  removed  a«  soon  as  the 
mass  showed  signs  of  solidifying.  The  specific  heats  of  the  iron  and  of 
the  alloy  were  the  data  used  in  the  calculation.  The  alloy,  composed  of 
630.29  parts  of  silver  and  309.71  paints  copper,  corresponding  to  the  form- 
ula Ag  Cu,  showed  the  lowest  fusing  point,  or  846.8o  C. ;  that  of  pure 
copper  being  1330^  C,  and  that  of  pure  silver  1040^  C. 

LIQUATION. 

Many  of  the  alloys  exhibit  the  phenomena  of  liquation,  or  separation 
of  the  mass  of  melted  metal  in  the  act  of  solidification  into  two  or  more 
alloys  of  diiferent  c>omposition.  The  resulting  alloy  or  mixture  of  alloys 
is  consequently  deficient  in  homogeneity.  The  causes  of  this  separation 
are  as  yet  but  imperfectly  understood.  Some  observations  seem  to  show 
that  an  alloy  of  constant  composition  and  of  a  comparatively  high  fusing 
point  solidifies  first  in  crystals  disseminated  throughout  the  mass,  while 
the  remainder  of  the  melted  metal  remains  fluid  for  a  longer  time,  and 
finally  solidifies  around  and  among  these  crystals.  This  fact  would 
tend  to  prove  that  the  first  alloy  solidified  was  a  distinct  chemical  com- 
pound, but  it  has  been  shown  that  crystals  of  exactly  the  same  appear- 
ance have  been  formed  from  two  metals  in  a  wide  range  of  proportions. 

The  different  circumstances  under  which  the  separated  alloys  may  be 
formed,  such  as  the  heat  of  the  metal  when  poured  into  the  mold,  and 
the  fact  of  slow  or  of  rapid  cooling,  are  known  to  have  some  influence 

*Ann  de  Chim.,  vol.  30,  1873,  p.  351. 

tProc.  Roy.  See,  vol.  23,  1875,  pp.  481-495. 
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apon  the  amount  of  liquation,  or  the  difference  of  composition  of  differ- 
ent parts  of  the  same  casting,  but  this  intiuence  is  not  exerted  upon  all 
alloys  in  the  same  direction,  some  alloys  being  affected  in  one  way  and 
some  in  another  by  the  same  manner  of  treatment.  The  bronze  alloys, 
such  as  gun-metal,  are  said  to  have  the  liquation  diminished  by  rapia 
cooling.  When  the  mass  is  cooled  slowly,  bronze  castings  often  show  in 
the  interior  what  are  called  8X)ots  of  tin,  but  what  are  really  spots  of  a 
white  alloy  of  copper  and  tin,  containing  a  larger  percentage  of  tin  than 
the  average  of  the  whole  casting.  When  slowly  cooled,  also,  the  bottom 
of  the  casting  is  often  found  to  contain  a  larger  percentage  of  coppet 
than  the  top.  When  cociled  rapidly,  however,  as  shown  in  the  experi- 
ments of  General  Uchatius*  in  casting  cannon  in  chilled  molds,  the 
hquation  is  reduced  to  a  minimum,  and  the  resulting  alloy  is  more 
homogeneous. 

Levolt  made  some  experiments  on  the  liquation  of  the  alloys  of  silver 
and  copi>er,  and  concluded  that  the  only  homogeneous  alloy  of  these  two 
metals  was  the  one  whose  composition  is  718.97  pai'ts  of  silver  and  281.07 
parts  of  copper,  corresiK)nding  to  the  formula  Aga  Cuj,  and  that  all  the 
others  are  liable  to  more  or  less  liquation.  It  has  lately  been  shown, 
however,  by  Mr.*  W.  0.  Roberts,  f  chemist  to  the  British  mint,  that  this 
alloy  is  only  homogeneous  when  cooled  rapidly.  If  the  cooling  is  slowly 
effected,  iti^  homogeneity  is  disturbed,  the  external  portions  being  slightl}^ 
richer  in  silver  than  the  center. 

Mr.  Roberts  made  several  determinations  of  the  liquation  of  other 
alloys  of  silver  and  copper,  and  found  that  the  arrangement  of  an  alloy 
is  to  a  great  extent  dependent  on  the  rate  at  which  it  is  cooled,  and  that 
several  alloys  of  silver  and  copper  are  under  suitable  conditions  as  homo- 
geneous as  LevoPs  alloy.  The  alloy  of  925  parts  silver  and  75  parts 
copper  was  found  to  be  nearly  homogeneous  when  (jooled  very  slowly,  the 
composition  of  the  comers  and  center  of  a  cube  45  millimeters  on  a  side 
showing  a  maximum  difference  of  only  1.4  parts  in  1,000,  while  the  same 
when  cooled  rapidly  showed  a  difference  of  12.8  parts  in  1,000. 

Col.  J.  T.  Smith  §  relates  in  reference  to  some  experiments  made  by 
him  on  the  alloy  of  silver  and  copper  containing  91§  per  cent,  of  silver, 
that  the  separation  of  the  constituent  paints  of  the  alloy  was  not  so  much 
due  to  the  rapidity  or  slowness  with  which  the  heat  of  the  fluid  metal 
was  abstracted,  as  to  the  inequality  affecting  its  removal  from  the  differ- 
ent parts  of  the  melted  mass  in  the  act  of  consolidation.  Thus,  if  a  cru- 
cible full  of  the  melted  alloy  were  lifted  out  of  the  furnace  and  placed 
on  the  floor  to  cool,  the  surface  of  the  melted  metal  within  it  being  well 
covered  with  a  tliick  layer  of  hot  ashes,  the  lower  parts  of  the  mass  after 
it  had  become  solid  would  be  found  to  contain  less  silver  in  proportion 
than  the  upper  surface. 

If,  on  the  other  hand,  the  crucible  were  left  to  cool  while  imbedded  in 
the  furnace,  the  upper  surface  being  exposed  to  the  air,  then  the  lower 
parts  would,  after  solidification,  be  found  finer  than  the  upper  surface. 

Richell  has  made  several  exi)eriments  on  the  liquation  of  the  alloys  of 
copper  and  tin.  He  remarks  that  to  manifest  the  property  of  liquation, 
it  is  necessary  to  agitate  the  crucible  containing  the  melted  alloy,  at  the 
moment  of  solidification,  in  order  to  separate  the  small  crystals  already 
formed.    The  results  obtained  on  the  last  pro<luct,  remaining  liquid  in  a 
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mass  weighing  1,000  to  1,200  grammes,  showed  a  remarkable  liqaation 
of  all  the  alloys  of  copper  and  tin  except  those  corresiwnding  to  the  for- 
mulae Sn  Cu3  and  Sn  CU4. 

Several  other  alloys  exhibit  like  phenomena  to  an  even  greater  extent 
than  those  above  mentioned.  Matthiessen  and  Von  Bose  experimented 
upon  alloys  of  lead  and  zinc  and  bismuth  and  zinc,  melting  the  metals 
together  in  various  pro{>ortious,  and  found  that  one  end  of  a  bar  would 
have  an  excess  of  one  metal  and  the  other  end  an  excess  of  the  other. 
Alloys  of  eop[)er  and  lead  containing  an  excess  of  lead  show  a  liqua- 
tion in  a  remarkable  degree,  the  excess  of  lead  partly  oozing  out  from 
the  mass  on  cooling. 

SPECIFIC  HEAT. 

The  i)ublished  determinations  of  the  specific  heat  of  the  alloys  are  not 
numerous.  This  results  not  ftx)m  any  difficulty  of  making  the  observa- 
tions, but  probably  because  they  have  not  been  considered  of  such  prac- 
tical impcutance  as  those  of  other  properties,  and  partly,  also,  because  M. 
Itegnault's  •  determinations,  made  in  1841,  and  his  deductions  therefrom, 
are  accepted  as  final.  .  • 

M.  Kegnault  detennined  the  specific  heat  of  two  classes  of  alloys :  first, 
those  which  at  100^  C.  are  considerably  removed  from  their  fusing  points; 
and,  secondly,  those  which  fuse  at  or  near  l(H)o  C.  'The  specific  heats 
of  the  first  series  were  remarkably  neiir  to  that  calculated  from  the 
specific  heats  of  the  component  metals,  so  that  he  announced  the  follow- 
ing law : 
•  "  The  specific  heat  of  the  alloys j  at  temperatures  cotisiderahly  removed  from 
their  fusing  pointy  is  exajctly  the  mean  of  the  specific  heats  of  the  metals 
which  compose  them.^ 

The  mean  specific  heat  of  the  component  metals  is  that  obtained  by 
multiplying  the  specific  heat  of  ea<5h  metal  by  the  percentage  amount  of 
the  metal  contained  in  the  alloy  and  dividing  the  sum  of  the  products 
for  each  alloy  by  100. 

A  curious  fact  discovered  in  regard  to  these  alloys  is  also  that  the 
product  of  the  specific  heat  of  eaeh  alloy  by  its  atomic  weight  is  sensibly 
constant,  vaiying  in  the  whole  series  only  "from  40.76  to  42.05. 

The  second  series  of  alloys,  or  those  which  fuse  at  a  temperature  at 
or  near  l(K)o  C,  show  a  wide  divergence  from  the  above  law,  the  specific 
heats  of  all  of  these  being  much  higher  than  that  calculated  from  their 
constituents.  The  product  of  the  specific  heats  by  the  atomic  weights 
varied  also  from  45.83  to  72.97. 

Matthiessen  t  describes  a  simple  arrangement  of  the  diflferential  ther- 
mometer for  the  puri)ose  of  showing  that  the  specific  heat  of  an  alloy  is 
the  same  as  the  mean  of  those  of  its  components. 

EXPANSION  BY  HEAT. 

The  expansion  of  the  alloys  by  heat  has  been  examined  by  Messrs, 
Calvert  and  Lowe,f  with  a  view  to  learn  whether  their  expansion  followed 
the  law  of  the  proportions  of  their  components.  Four  series  of  alloys  were 
examined,  namely,  those  of  zinc  and  tin,  lead  and  antimony,  zinc  and 
copper,  and  copper  and  tin.  In  each  case  the  expansion  was  less  than 
that  deduced  by  calculation  from  their  equivalents. 

""Ann.  de  Chim.,  vol.  1,  1841,  pp.  12&-207. 
t  Jour.  Chem.  Soc.,  vol.  5,  18(57,  p.  205. 
X  Chem.  News,  vol.  3, 1861,  p.  315. 
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In  alloys  of  copi>er  with  tin,  it  was  .found  that  where  only  a  small 
quantity  of  tin  entered  into  the  oomiwsition  of  a  bar,  the  expansion  fell 
considei^ably  below  that  of  pure  copper,  although  the  tin  added  has  a 
much  higher  rate  of  expansion  than  copper. 

From  exi>eriments  made  by  Messrs.  Calvert  and  Lowe  ui)on  the  ex- 
pansion of  chemically  pure  metals,  they  conclude  that  a  very  small  pro- 
portion of  impurity  has  a  marked  influence  upon  the  expansion.  Their 
results  differed  largely  from  those  of  other  experimenters  who  used  only 
the  commercial  metals;  but  when  they,  too,  used  commercial  metals,  the 
results  agree. 

The  alloys  upon  which  they  experimented  were  also  formed  from  pure 
metals,  and  on  account  of  the  difficulty  of  procuring  these  in  sufficient 
quantity,  the  bars  experimented  on  were  very  small,  being  only  00  niilim- 
eters,  or  less  than  2J  inches  long.  The  apparatus  used,  however,  as 
described  at  length  in  the  "Chemical  Xews",  was  so  sensitive,  that  an  ex- 
pansion of  y^^i7  of  an  inch  could  readily  be  observed 

If  experiments  were  made  apon  alloys  formed  from  the  ordinary  com- 
mercial metals,  it  would  probably  be  found  that  their  rate  of  expansion 
would  differ  considerably  from  that  of  alloys  formed  from  pure  metals. 

The  molecular  conditicm  of  a  metal  was  observed  to  have  an  impor- 
tant influence  on  the  rate  of  expansion.  The  same  will  no  doubt  be 
fonml  true  in  the  case  of  allovs. 

Matthiessen*  states  that  the  expansion  due  to  heat  of  the  metals 
takes  part  in  that  of  their  alloys  approximately  in  the  ratio  of  their 
relative  volumes.  He  gives  a  table  of  the  expansion  of  several  alloys 
which  tends  to  confirm  his  statement. 

CONDUCTIVITY  FOR  HEAT. 

The  i>ower  of  the  alloys  to  conduct  heat  has  been  examined  with  great 
care  by  several  experimenters.  The  published  results  are  not  always 
concordant,  but  the  diflerences  may  be  partially  accounted  for  by  the 
various  kinds  of  apparatus  used,  and  the  great  influence  which  small 
impurities  and  changes  in  molecular  condition  and  cr^'stalline  form  exert 
upon  conductivity. 

The  conducting  power  for  heat  in  an  alloy  is  found  in  some  cases  to 
be  the  mean  of  the  conducting  power  of  the  component  metals,  and  in 
others  to  apparently  have  no  relation  whatever  to  such  mean.  As  ex- 
amples of  the  first  case  may  be  cited  the  alloys  of  tin  and  zinc  and  tin 
and  lead  ;  and  of  the  second,  the  alloys  of  gold  and  silver  and  gold  and 
copx)er.  From  this  circumstance  it  has  been  exi)ected  that  the  heat-con- 
ducting power  could  be  used  as  a  means  of  determining  whether  an 
alloy  is  a  chemical  compound  or  a  simi)le  mixture.  As  before  stated, 
however,  the  authorities  differ  widely  on  this  point. 

Messrs.  Weidemann  and  Franz  t,  in  1853,  made  some  experiments  on 
the  conducting  power  of  the  metals  and  of  a  few  of  the  alloys,  using  a 
thenno-electroscope  as  an  apparatus. 

In  1858, -Calvert  and  Johnson  f  made  an  extensive  research  on  alloys 
formed  from  pure  metals,  using  an  apparatus  of  their  own  invention, 
by  which  the  relative  conducting  power  was  shown  by  the  rise  in  tem- 
perature in  a  given  time  of  a  given  volume  of  water  secured  in  a  box  at 
one  end  of  the  bar,  while  the  other  end  of  the  bar  was  heated  to  90°  C. 
They  claim  that  the  method  which  they  employed  gave  such  consistent 

*  Joiir.  Chem.  Soc.  vol.  5,  1867,  p.  206. 
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results,  that  tbey  were  able  to  determine  the  influence  exercised  on  the 
conducting  power  of  the  metals  by  the  addition  of  1  or  2.  per  cent  erf 
another  metal,  and  also  to  appreciate  the  difl'erence  of  conductivity  of 
two  alloys  made  of  the  same  metals  and  only  differing  by  a  few  percent 
in  the  relative  proportions  of  the  meta.ls  composing  Uiem.  They  found 
also  that  the  conducting  power  of  metals  was  different  when  they  were 
rolled  out  into  bai's  or  cast,  and  that  it  was  modified  by  molecular  ar- 
rangement or  position  of  the  axes  of  crystallization,  as  was  shown  b^ 
the  different  conducting  power  of  metals  cast  horizontally  and  vertically. 
Some  curious  residts  were  observed  in  regard  to  alloys  of  gold  and  silver 
Silver  being  the  best  conductor,  its  conductivity  is  rated  as  1,000,  and 
that  of  gold,  the  next,  is  1)81;  but  gold  alloyed  with  1  per  cent,  of  silver 
has  a  relative  conductivity  of  only  840. 

The  conduction  of  heat  by  alloys,  according  to  Calvert  and  Johnson, 
may  be  considered  under  three  general  heads : 

1.  Alloys  tchich  conduct  heat  in  ratio  with  the  relative  equivalents  of  tAe 
metals  composing  them, 

2.  Alloys  in  which  there  is  an  excess  of  equivalents  of  the  worse  conduct- 
ing metal  over  the  number  of  equivalents  of  the  better  conductor^  such  as 
alloys  composed  of  1  Cu  and  2  Sn,  1  Cu  and  3  Sn,  &c.,  and  which  pre- 
sent the  cuiious  and  unexpected  rule  that  they  conduct  heat  as  if  they  did 
not  contain  a  particle  of  the  better  conductor ^  the  conducting  power  of  such 
alloys  being  tlie  same  as  if  the  bar  was  entirely  comi)osed  of  the  worse  con- 
ducting metal.  A  not  less  remarkable  fact  is  that  the  alloys  of  a  series, 
8U(*h  as  those  of  2  equivalents  of  bismuth  and  1  of  lead,  3  Bi  and  1  Pb, 
4  Bi  and  1  Pb,  all  conduct  heat  alike,  the  various  increasing  quantities 
of  lead  exercising  no  influence  on  the  conductivity. 

The  results  obtained  with  this  class  of  alloys  ai^e  most  important  to 
engineers ;  for  it  will  be  seen  in  the  case  of  alloys  of  bra^s  and  bronze 
that  no  increiise  is  gained  in  the  conductivity  of  an  alloy  by  increasing 
the  quantity  of  a  good  conductor ;  nay,  in  many  cases  it  would  be  a 
decided  loss,  unless  a  suflicient  quantity  of  the  better  conducting  metal 
be  employed  to  bring  the  alloy  luider  the  third  head. 

3.  Alloys  composed  of  the  same  metals  as  the  last  clasSy  but  in  which  the 
number  of  equivalents  of  the  better  conducting  metal  is  greater  than  the  num- 
ber of  equivalents  of  the  worse  conductor;  for  example,  alloys  composed 
of  1  Sn  2  Cu,  1  Sn  3  Cu,  &c.  In  this  case  each  alloy  has  its  own  arbi- 
trary conducting  power;  the  conductivity  of  such  an  aUoy  gradually 
increases  and  tends  towards  the  conducting  power  of  the  better  con- 
ductor. 

In  a  later  experiment  upon  the  conducti\ity  of  mercury  and  the  amal- 
gams, Calvert  and  Johnston*  discovered  that  they  had  made  a  great 
mistake  in  their  first  experiment  in  determinmg  the  conductivity  of  mer- 
cury, by  disregarding  the  fact  that  convection  of  the  liquid  increased 
the  apparent  conductivity.  In  the  first  exi>eriments  they  found  the  aj)- 
liarent  relative  conductivity  to  be  677,  silver  being  1,000;  but  in  the  later 
exi)eriments  they  determined  the  real  relative  conductivity'  to  be  only  54, 
or  less  than  that  of  any  other  metal.  In  regai'd  to  the  fluid,  amalgams, 
they  found  in  all  cases  that  their  conductivity  was  nearly  the  same  as 
that  of  pure  mercury. 

Weidemann,t  in  1859,  published  a  paper  in  whiclrhe  calls  in  question 
the  accuracy  of  the  results  found  by  Calvert  and  Johnson,  and  criticises 
the  apjiaratus  they  used  and  the  small  size  of  the  bars  upon  which  tliey 

*  Phil.  Ti-ans.,  1859,  pp.  831-835.     ^ 

t  Fogg,  AnnaUny  vol.  108,  1859,  pp.  393-406. 
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experimented.    He  also  gives  the  results  of  some  experimeuts  which  he 
has  made  upoii  the  conductivity  of  a  few  alloys. 

Matthiesseu*  describes  a  simple  apparatus  for  showing  the  different 
conductivities  of  alloys.  He  also  states  that  the  conductivity  for  heat 
furnishes  no  evidence  of  whether  an  alloy  is  a  chemical  compound  or  a 
mixture. 

CONDUCTIVITY  FOB  ELEOTRICITY. 

The  conductivity  for  electricity,  like  the  conductivity  for  heat,  is  one 
of  the  properties  which  in  some  alloys  is  the  mean  of  that  of  tlie  compo- 
nent metals,  and  in  others  seems  to  have  no  relation  whatever  to  such 
mean. 

There  have  been  a  large  number  of  experiments  made  upon  the  electric 
conductivity  of  the  alloys,  but  in  this,  as  in  the  examination  of  other 
properties,  with  widely  varying  results.  In  the  first  place,  the  determi- 
nations of  the  conducting  powers  of  the  metals  themselves  are  far  from 
agreeing,  as,  for  instance,  the  conductivity  of  co])per,  according  to  dif- 
ferent experimenters,  is  given  at  numbers  mnging  from  60  to  100,  pure 
silver  being  100. 

Again,  Matthiessen  t  has  shown  that  small  traces  of  the  metals,  and 
especially  of  the  metalloids,  reduce  the  conductivity  of  coi)i)er  to  a  great 
extent.  He  states,  also,  that  there  is  no  alloy  of  copper  which  conducts 
electricity  better  than  pure  copper,  and  that  the  fact  of  the  wires  exper- 
imented upon  being  annealed  or  hard  drawn  causes  a  marked  difference 
in  the  values  obtained,  annealed  wire  being  a  better  conductor  than  hard 
drawn;  and,  further,  that  tem|>eratm'e  has  likewise  a  marked  influence, 
the  metals  losing  in  C/onducting  power  as  the  temperature  increases. 

In  1833,  Professor  Forbesf  published  the  statement  that  the  order  of 
conducting  powers  of  the  metals  for  heat  and  for  electricity^  is  the  same. 
He  states, as  a  general  conclusion,  "that  the  arrangement  of  metallic 
conductors  of  heat  does  not  differ  more  from  that  of  those  of  electricity 
than  either  arrangement  does  alone  under  the  hands  of  different  observ- 
ers. 

Twenty  years  later,  Weidemann  and  Franz§  arrived  at  the  same  con- 
clusion in  regaixl  to  brass  and  German  silver,  and  Weidemann||  in  1859 
concluded  the  same  in  regard  to  alloys  in  general.  Weidemann  and 
Franz  remarked  that  whatever  the  quality  may  be  upon  which  calorific 
conduction  depends,  the  close  agreement  of  the  figures  renders  it  exceed- 
ingly probable  that  the  same  quality  influences  in  a  similar  manner  the 
transmission  of  electricity ;  for  the  divergence  of  the  numbers  express- 
ing the  conductivity  for  heat  from  those  expressing  the  conductivity  for 
electricity  ai^e  not  greater  than  the  divergences  of  the  latter  alone,  ex- 
hibited by  the  results  of  different  observers. 

The  most  extensive  series  of  investigations  upon  the  electric  conduc- 
tivity of  alloys  has  been  made  by  Matthiessen.  His  results  are  published 
in  the  following  papers :  "  On  the  Electric  Conducting  Power  of  the  Met- 
als ";fl  "  On  the  Electric  Conducting  Power  of  Alloys  ";••  <<  On  the 
Influence  of  Temperature  on  the  Electric  Conducting  Power  of  Alloys  '';tt 
•'On  the  Thermo-Electric  Series  ";{$  "  On  the  Effect  of  the  Presence  of  the 

*  Jour.  Chem.  Soc,  vol.  5,  1867,  p.  213. 

t  Phil.  Trans.,  1860,  pp.  85-92. 

X  Phil.  Mag.  vol.  4,  18:M,  p.  27. 

^Pogg,  AnnaleHy  vol.  89,  1853,  pp.  497-5:n. 

II  Pogg,  Annalen,  vol.  108,  1859,  pp.  :«3-407. 

IF  Phil.  Trans.,  1858,  pp.  383-387. 

*•  Phil.  Trans.,  1860,  pp.  161-176. 

ft  Phil.  Trans.,  1864,  pp.  167-200. 

«  Phil.  Trans.,  1858,  pp,  369-381. 
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Metals  and  Metalloids  upon  the  Electric  Conducting  Power  of  Pnre 
Copper"  ;•  "  On  the  Chemical  Nature  of  Alloys  ''.t 

It  wa«  chiefly  from  these  researches  that  Matthiessen  arrived  at  the 
conclnsions  in  regard  to  the  question  whether  alloys  are  chemical  com- 
pounds or  mixtures,  which  have  alrjeady  been  given  under  the  head  of 
the  chemical  nature  of  alloys. 

In  regard  to  the  conducting  power  for  electricity  of  the  alloys,  Mat- 
thiessen divides  the  metals  into  two  classes : 

Clans  A. — Those  metals  which,  when  alloyed  with  one  another,  con- 
duct electricity  in  the  ratio  of  their  relative  volumes. 

CldHH  B. — Those  metals  which,  when  alloyed  with  one  of  the  metals 
belonging  to  cla«s  A,  or  with  one  another,  do  not  conduct  electricity  in 
the  ratio  of  their  relative  volumes,  but  always  in  a  lower  degree  than 
the  mean  of  their  volumes. 

To  Class  A  belong  lead,  tin,  zinc,  and  cadmium.  To  class  B  belong 
bismuth,  mercury,  antimony,  platinum,  palladium,  iron,  aluminum,  gold, 
copper,  silver,  and  in  all  probability  most  of  the  other  metals. 

CRYSTAJLLIZATION. 

The  crystallization  of  alloys  exhibits  some  curious  x)henomena.  It 
was  formerly  supposed  that  if  a  distinct  crystal  of  an  alloy  were  found, 
it  would  have  a  definite  (chemical  com])osition,  and  would  show  that  the 
alloy  was  not  a  mixture,  but  a  veritable  chemical  compound. 

In  1854,  however,  Prof.  J.  P.  Cooke  J  published  a  paper  on  two  crys- 
talline compounds  of  zinc  and  antimony,  which  exhibited  such  proper- 
ties as  justified  him  in  considering  them  definite  chemical  compounds. 
To  distinguish  them,  he  gave  them  the  names  of  Stibiotrizincyle,  with 
the  formula  Sb  Zua,  and  Stibiobizincyle,  with  the  formula  Sb  Zuj.  In 
the  paper  named,  the  crystalline  form  and  other  properties  are  fuUy  de- 
scribed. 

A  short  time  afterward,  it  was  found  that  well-defined  crystals,  like 
those  described  as  Sb  Zn3,  were  obtained  from  the  alloys  containing  be- 
tween 43  and  60  per  cent,  of  zinc;  and  even  in  alloys  of  a  higher  zinc 
percentage  crystals  of  the  same  form  were  still  seen,  although  they  were 
no  longer  well  defined.  In  the  alloys  containing  between  20  and  33  per 
cent,  of  zinc,  well-defined  crystals,  like  those  described  as  Sb  Zn2,  were 
formed;  and  finally,  there  separated  from  the  alloys  containing  between 
33  and  42  per  cent,  of  zinc,  thin  metallic  plates,  which  evidently  belonged 
to  the  same  crystalline  form.  § 

The  same  fact  has  been  observed  by  Matthiessen  and  Von  Bose  ||  in 
regard  to  the  alloys  of  gold  and  tin,  namely,  that  well-defined  crystals 
are  not  limited  to  one  definite  proportion  of  the  constituents  of  an  alloy, 
but  are  common  to  all  gold-tin  alloys  containing  from  43  to  27.4  percent, 
of  gold.  They  also  fcmnd  in  the  case  of  these  alloys  that  the  crystals 
and  the  mother  liquor  were  never  of  the  same  composition,  the  percent- 
age of  gold  in  the  mother  liquor  btdng  much  below  that  in  the  crystals. 

From  experiments  by  F.  H.  Storer,11  it  appears  that  the  alloys  of  cop- 
per and  zinc  yield  crystals,  sometimes  exhibiting  distinct  octahedral 
faces,  sometimes  in  confused  aggregates  of  crystals,  but  all  of  octahedral 
character,  and  bearing  a  striking  resemblance  to  the  crystals  of  pure 

*  I'hil.  Trans. ,  1860,  pp.  85-92. 

t  British  Assoc.  Reports,  1863,  pp.  .'J7-48. 

t  Am.  Jour.  Art  &  8ti.,  vol.  18,  1854,  pp.  229^237. 

i  Am.  Jour.  Art  &  Sci.,  vol.  20,  ia%,  pp.  222-238. 

llProc.  Roy.  Soc,  1860-»62,  pp.  433-4:«5. 

il  Memoirs  of  the  Americau  Academy,  vol.  8,  1863,  pp.  27-66. 
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copper  obtained  by  fusion.  None  of  the  crystals  were  found  to  contain 
a  larger  proportion  of  either  metal  than  the  remainder  of  the  molten 
liquid  from  which  they  had  separated.  Storer  concludes  that  all  the 
alloys  of  copper  and  zinc  crystallize  in  the  regular  system,  and  that  they 
are  not  definite  atomic  compounds,  but  merely  isomori>hous  mixtures  of 
the  two  metals. 

Calvert  and  Johnson*  have  also  noticed  the  crystallization  of  the  alloys 
of  copper  and  zinc,  and  state  that  it  is  probable  that  Cua  Zn  and  Cus 
Zn  are  definite  compounds,  as  they  are  perfectly  cr;v'stallized,  and  have 
also  a  special  heat-conducting  power  of  their  own.  They  state  that  the 
most  splendid  of  all  the  brass  alloys  is  the  alloy  Cu  Zu  which  is  of  a 
beautiful  gold  color,  and  crystallizes  in  prisms  often  3  centimeters  long. 

Slow  cooling  of  an  alloy  is  apt  to  favor  the  separate  crystallization  of 
one  or  more  of  it«  components,  and  thus  render  it  brittle.  Sometimes 
in  casting  an  alloy  in  large  masses,  there  will  be  a  partial  separation  of 
the  ex)ustituent8,  and  crystals  of  (lifferent  composition  will  be  found  at 
the  top  and  bottom  of  the  miuss,  those  at  the  bottom  usually  containing 
the  larger  percentage  of  the  metal  which  has  the  greater  specific  gi^avity. 
This  phenomenon  has  already  been  noted  under  the  head  of  liquation. 

OXIDATION  AND  ACTION  OF  ACIDS. 

But  few  experiments  have  been  made  to  det-ermine  the  rate  of  oxida- 
tion or  corrosion  of  the  alloys  by  atmosi)heric  influences  or  by  the  action 
of  acids.  It  is  generally  found  that  the  action  of  the  atmosphere  is  less 
on  alloys  than  on  their  component  metals.  An  instance  of  this  is  the 
ancient  bronze  statues  and  coins,  some  of  the  latter  of  which  have  their 
characters  still  legible,  although  they  have  been  exposed  to  the  effects 
of  air  and  moisture  for  upward  of  twenty  centuries. 

The  action  of  the  atmosphere  on  an  alloy  heated  to  a  high  tempera- 
ture is  sometimes  quite  energetic,  as  is  shown  in  the  alloy  of  three  parts 
lead  and  one  of  tin,  which,  when  heated  to  redness,  bums  briskly  to  a 
red  oxide.  When  two  metals,  as  copper  and  tin,  are  combined,  which 
oxidize  at  different  temperatures,  they  may  be  separated  by  continued 
fusion  with  exposure  to  the  air.  Cupellation  of  the  precious  metals  is 
a  like  ])henomenon. 

Mnshett  found  that  unrefined  copper  resisted  the  action  of  muriatic 
acid  l)etter  than  pure  copi>er.  Tliis  he  thought  was  due  to  the  presence 
of  tin  in  the  unrefined  copper,  as  he  found  that  an  alloy  of  copper  con- 
taining about  3  per  cent,  of  tin  resisted  the  action  of  acid  to  still  greater 
extent.    Tlie  latter  he  recommends  for  the  purpose  of  ship-sheathing. 

Calvert  and  Johnsonf  have  made  sevenil  experiments  to  determine 
the  action  of  nitric,  hydrochloric,  and  suli)huric  acids  upon  alloys  of  cop- 
l)er  and  zinc  and  copper  and  tin.  Some  of  the  results  they  obtiiined  were 
entirely  unexpected.  Nitric  acid  of  1.14  specific  gravity  was  found  to 
dissolve  the  two  metals  in  an  alloy  of  zinc  and  copper  in  the  exact  pro- 
j)ortion  in  which  they  exist  in  the  alloy  emjiloyed,  while  an  acid  of  1.08 
8]>ecific  gravity  dissolved  nearly  the  whole  of  the  zinc  and  only  a  small 
quantity  of  the  copper.  Ilytlrochloric  acid  of  1.0.)  specific  gravity  was 
found  to  be  completely  ina(;tive  on  all  alloys  of  copper  and  zinc  contain- 
ing an  excess  of  coi>per,  and  especially  on  the  alloy  containing  equiva- 
lent proportions  of  each  metal.  Zinc  was  found  to  have  an  extraordinary 
preventive  influence  on  the  action  of  strong  sulphuric  acid  on  copper. 

•Phil.  Tjans.,  ia5«,  p.  367, 
tPhil.  Mag.,  vol.  6,  1835,  pp.  444-447. 

tPhll.  Mag,,  vol.  10,  1855,  pp.  250,  251;  also,  Jour,  Chem,  Soc,  vol.  19,  1866,  pp, 
434-^54. 
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The  alloys  of  copper  and  tin  were  all  found  to  resist  the  action  of  nitric 
acid  more  than  pure  copper,  but  the  preventive  influence  of  tin  presents 
the  peculiarity  that  the  action  of  the  acid  increases  as  the  proportion  of 
tin  increa^ses :  thus  the  alloy  Cu  Sus  is  attacked  ten  times  more  than 
the  alloy  Cu  Sn.  The  alloys  Sn  Cua  and  Sn  Gus  were  attacked  by  strong 
sulphuric  acid  with  more  violence  than  any  other  of  the  bronzes. 

Three  alloys,  viz,  Cuir,  Zn  Sn,  Cui©  Zn  Sn,  and  CU4  Zua,  were  found 
to  be  only  slightlj-  attactked  by  strong  nitric  or  hydrochloric  acids,  and 
not  af  all  by  sulphurii;  acid.  The  resistance  to  the  action  of  nitric  acid 
is  remarkable,  as  its  action  on  each  of  the  component  metals  is  very 
violent. 

A.  Bauer*  has  recently  published  in  the  Berwhte  der  deutschen  chem- 
ischen  Oeselhchaft  the  result  of  some  experiments  on  the  action  of  hot 
sulphuric  acid  on  several  alloys  of  lead.  These  experiments  show  that 
the  addition  of  a  little  antimony  or  copper  renders  the  alloy  more  able 
to  resist  sulphuric  acid,  while  bismuth  has  a  decidedly  injurious  effect. 

HARDNESS  AND  OTHER  MECHANICAI.  PROPERTIES. 

The  mechanical  properties  of  the  alloys,  such  as  hardness,  mallea- 
bility, ductility,  resistance  to  strains  of  tension,  compression,  and  tor- 
sion, elasticity,  resilience,  &c.,  are  of  the  utmost  importance  to  the  engi- 
neer, but,  at  the  same  time,  it  is  most  difficult  to  find  reliable  informa- 
tion regarding  them.  But  few  experimenters  of  authority  have  invesri- 
gated  tlie  subject,  and  their  researches,  although  valuable  as  far  as  they 
go,  are  too  limited  in  extent  to  allow  of  a  complete  classification  and 
comparison.  A  few  alloys  which  are  of  8i)ecial  service  in  the  arts  have 
been  well  studied  by  those  who  have  had  occasion  to  use  them,  with  a 
^iew  to  learn  their  mei^hanical  properties,  not  as  a  matter  of  scientific 
interest,  but  as  an  actual  necessity.  This  has  been  the  case  esi>ecially 
with  the  various  gun-metals,  upon  which  many  experiments  have  been 
made  under  authority  of  the  different  governments,  so  that  among  all 
the  alloys  our  knowledge  of  tlie  gun-metals  is  the  most  extensive  and 
accurate.  In  like  manner  the  proi)erties  of  journal  and  anti-friction 
metals  have  been  investigated  by  those  who  are  concerned  in  their  manu- 
factni*e  and  use. 

With  these,  and  a  few  other  exceptions,  however,  our  information  on 
the  mechanical  proi)erties  of  the  alloys  is  very  meager.  It  will  be  the 
endeavor  of  the  Committee,  as  far  as  possible,  to  supply  this  manifest 
want  by  a  series  of  experiments  on  a  large  number  of  alloys,  testing 
them  for  all  the  mechanical  properties  above  named. 

The  hardness  of  some  of  the  alloys  has  been  investigated  by  Calvert 
and  Johnson.t  They  used  an  appai^atus  for  determining  the  hartiness, 
which  consists,  chiefly,  of  a  conical  steel  point  of  a  certain  size,  which  is 
pushed  into  the  material  whose  hardness  is  to  be  determined  a  given 
distance  by  means  of  weights  applied  at  the  end  of  a  lever.  The  rela- 
tive hardness  is  shown  by  the  weight  required  for  the  different  mati^rials. 

A  somewhat  similar  apparatus  was  used  by  Major  Wade}  in  deter- 
mining the  hardness  of  gun-metal,  but  he  used  a  diamond-shaped  jHiint 
and  a  fixed  weight,  determining  the  relative  hardness  by  the  distance 
which  the  point  was  pushed  into  the  metal.  General  XJchatius,  §  in  ex- 
periments for  the  Austrian  Government,  used  an  indenting  tool,  which 
was  forced  into  the  metal  to  be  tested  by  a  weight  of  4.4  pounds  falling 

*  Scic'ntific  AmiTican,  vol.  1^3,  1875,  p.  135.    - 

tPhil.  Mag.,  vol.  17,  1859,  pp.  114-l2l. 

X  Report  of  Experiments  on  Metals  for  Cannon,  Phila.,  1856. 
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through  a  height  of  9J  inches.  The  shorter  the  cut  made  by  the  indent- 
ing tool,  the  greater  was  the  hardness. 

Mallet,*  in  1842,  in  his  experiments  on  the  alloys  of  copper  and  tin 
stfid  copper  and  zinc  determined  their  tensile  strength,  and  also  the  order 
of  their  ductility,  malleability,  and  hardness.  In  his  work  on  the  Con- 
struction of  Artillery,t  published  in  1856,  the  same  author  discusses  the 
physical  and  mechanical  properties  of  gun-metal,  showing  the  effects  of 
sudden  and  of  rapid  cooling,  and  tlie  deteriorating  effect  of  small  pro- 
portions of  a  third  metal,  such  as  iron,  zinc,  lead,  or  antimony. 

In  regard  to  the  extent  of  our  knowledge  upon  these  subjects,  he  re- 
marks :  "  Gun-metal,  probably  the  very  earliest  used  material  for  can- 
non, is  that  which  has  received  the  least  improvement  or  systematiza- 
tion  of  our  knowledge  as  to  its  use,  up  to  t-he  present  time ;  the  arch- 
SBologist  finds  the  rude  weapons  of  Scandinavian,  Celtic,  Egyi)tian, 
Greek,  and  Koman  warfare  formed  of  nearly  the  same  alloys  of  copper 
and  tin,  and  in  about  the  same  proportions  as  the  cannon  of  to-day.'^ 

The  circumstances  of  chief  difficulty  and  importance  in  the  manipu- 
lation of  gun-metal,  as  affecting  the  production  of  cannon,  are : 

1st.  The  chemical  constitution  of  the  alloy,  as  influencing  the  balance 
of  its  hardness,  rigidity,  or  ductility,  and  tenacity. 

2d.  Its  chemical  constitution,  and  what  other  conditions,  influence  the 
segregation  of  the  cooling  mass  of  the  gun  when  cast  into  two  or  more 
alloys  of  different  and  often  variable  composition. 

3iji.  The  ettbcts  of  rapid  and  of  slow  cooling,  and  of  the  temperature  at 
which  the  metal  is  fused  and  poured. 

4th.  The  eflects  due  to  repeated  fusions,  and  to  foreign  constituents, 
in  minute  proportions  entering  into  the  alloy. 

The  circumstances  of  manipulation,  as  above  name<l,  have  already 
been  shown  to  have  a  vast  influence  upon  nearly  all  the  properties  of 
the  alloys,  and  their  study  is  of  the  greatest  importance,  not  only  in 
reference  to  gun-metals,  but  to  all  alloys  which  may  be  used  as  materials 
of  construction. 

In  connection  mth  the  subject  of  gun-metal,  the  experiments  lately 
made  by  General  Uchatiust  for  the  Austrian  Gover&ment  are  of  interest. 
He  found  that  the  tenacity,  elasticity,  and  hardness  of  bronze  were  in- 
creased to  an  extraordinary  degree  by  driving  a  series  of  conical  steel 
mandrels  or  plugs,  gradually  increasing  in  size,  into  the  bore  of  the  gun. 
The  metal  in  the  interior  of  the  gun  was  thus  stretiihed  or  strained  much 
beyond  its  elastic  limit,  and  was  thereby  given  a  new  molecular  condi- 
tion, which  enables  it  better  to  resist  both  the  expansive  force  of  the  ex- 
ploded powder,  and  the  abrading  effects  of  the  shot. 

The  results  of  tlie  experiments  of  General  Ucliatius  have  been  com- 
municated to  the  Ordnance  Department  of  the  United  States  by  CoL 
T,  T.  S.  Laidley,  U.  S.  A.,  who  calls  attention  to  the  fact  that  experi- 
ments were  made  upon  bronze,  with  a  view  to  improve  its  quality  for 
guns,  by  Mr.  8.  B.  Dean,  of  Boston,  in  1868-'69,  at  which  time  he  used 
the  identical  mode  of  improving  the  bronze  adopted  by  General  Ucha- 
tius  some  four  years  later.  Patents  for  the  improvement  were  secured 
in  May,  1869,  not  only  in  this  country,  but  also  in  England,  France,  and 
Austria.  The  want  of  funds  rendered  it  necessary  for  Mr.  Dean's  ex- 
periments to  be  discontinued. 

Bischof  §  describes  an  apparatus  for  determining  the  qualities  of  the 

*  Phil.  Mag.,  vol.  21,  1842,  pji.  66-68. 

tMaUet,  Construction  of  Artillery,  Loudon,  1856,  pp.  80-101. 

t  Ordnance  Notes  No.  XL,  Washington,  D.  C,  1875. 

$  British  Afisoc.  Keports,  1870,  pp.  209,  210. 
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malleable  metals  and  alloys,  which  is  based  upon  the  principle  that 
"sux»erior  qualities  of  malleable  metals  and  alloys  are  characterized  by 
their  bein^  able  i>ennanently  to  extend  in  all  directions  by  rolling  or 
hammering  without  rupture,  while  inferior  qualities  break  before  reach- 
ing the  maximum  of  extension  which  the  former  can  endure.'*  His  ap- 
paratus is  used  to  l)end  the  metal  or  alloy  to  he  tested,  which  is  of  a 
certain  size  and  shape,  in  contrary  directions  through  a  certain  angle. 
The  oftener  the  piece  can  be  so  bent  without  breaking  the  better  is  its 
quality. 


LIST  OF  AUTHORITIES. 

Abel.  Notes  on  Compounds  of  Coj)per  and  Phosphorus.  By  F.  A 
Abel,  F.  11.  S.    British  Assoc.  Reports,  2,  1865,  pp.  27,  28. 

Dc'Acribes  experiments  made  upon  8e.vei*al  compounds  of  copper  and  pbospho- 
ruH.  Copper  with  0.75  per  cent,  of  phosphorus  was  found  to  have  a  tensile 
strength  of  4.5,000  pounds  per  square  iucii. 

Abel.  Legiru^gen  von  Ooldj  SilbeVj  und  Knpfer  mit  Cadmium  fur  Ju- 
weUerarbeiUn.  Alloys  of  gold,  silver,  and  copi)er,  with  cadmium  for 
jewelry.     Diugler's  Journal^  vol.  167,  1863,  pp.  288,  289. 

Abel  and  Field.    Some  Results  of  the  Analyses  of  Commercial  Cop- 
'    pers.    By  F.  A.  Abel,  F.  R.  S.,  and  Frederick  Field,  F.  R.  S.  E.    Joiu-. 
Chem.  Soc.,  vol.  14,  1862,  pp.  290-^03. 

Contains  a  complete  table  of  the  analyses  of  a  lari^e  number  of  commercial 
coppers,  with  descriptions  of  the  methods  of  analyses. 

Allen.  On  the  Alloys  of  Copper,  Tin,  Zinc,  Lead,  and  other  Metals 
with  Manganese.  By  J.  Fen\\ick  Allen,  F.  C.  S.  British  Assoc.  Re- 
ports, 2, 1870,  p.  50. 

Certain  mixtures  of  manganese  with  copper  and  zinc  are  said  to  possess  ad- 
vantages over  both  Gennau  silver  and  yellow  metal. 

Anderson.  Anderson's  Strength  of  Materials  and  Structures.  1  vol., 
London,  1872. 

Contains  an  account  of  the  mechanical  properties  of  copper  and  several  of  its 
alloys,  with  the  experiments  at  Woolwich  on  the  strength  of  copper,  bronzei 
and  sterro-metal. 

Babbitt.  Babbitt  Metal.  Scientific  American,  vol.  12,  1856,  p.  326. 
U.  S.  Patents,  July  17,  1839. 

A  patent  was  issued  to  Isaac  Babbitt  July  17,  1839,  for  the  construction  of 
boxes  for  the  Journals,  wheels^  and  axles  of  carriages,  but  it  does  not  embrace 
a  peculiar  metal,  as  is  generally  supposed.  It  simply  covers  the  lining  of  a 
hard  shell  of  metal  witli  a  softer  metal  for  the  bearings  of  asles. 

Babinet.  Rapport  sur  deux  Memoires  de  Wertheim  intituUs  Beeherches 
8ur  Vela^twite.  Rei>ort  on  two  memoirs  of  M.  Wertheim  entitled.  Re- 
searches on  Elasticitity.     Caniptes  Bendu^y  vol.  18,  1844,  pp.  921-932. 

(See  Wertheim.) 

Babbuel.  Sur  un  nouvel  alliage  Wargent  remarquable  par  sa  duretd. 
On  a  new  alloy  of  silver  remarkable  for  its  hardness.  By  Glermain 
Barniel.     Comptes  RenduH^  vol.  35,  1852,  p.  759. 

Bauer.  Action  of  Sulphuric  Acid  on  Lciid  and  its  Alloys.  By  A.  Bauer, 
Published  recently  in  the  Berichte  der  deutschen  chemi^cken  Oe$eUr 
achaft.    Scientific  American,  vol.  33,  p.  135,  August  28, 1875. 
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BF.BTHIEB.    Legirungen  von  Zinc  und  Mseri.    Alloys  of  ziiic  aiid  iron. 

Liebig's  Amialen^  vol.  40,  1841,  pp.  180-189. 
Besle  Y.    An  Improved  Manufactui'e  of  Metallic  Alloy.    Biitisli  patent, 

June  28, 1855,  No.  1478. 

Applicable  to  the  castings  of  type  and  other  metals.    Contains  100  parts  lead, 
30  autiinouy,  20  tin,  ti  nickel,  5  cobalt,  8  copper,  2  bismath. 

BisCHOP.  On  a  Few  System  of  Testing  the  Quality  of  the  Malleable 
Metals  and  Alloys.  By  Gustav  Bischof,  jr.  British  Assoc.  Reports, 
2,  1870,  pp.  209,  210. 

Describes  an  apparatus  termed  a  ^^  Metallometer,''  used  for  determining  the 
inality  of   " 
Lirections. 


quality  of  the  malleable  metals  and  alloys  by  bending  them  in  contrary 
di 


BisCHOFF.  Das  Kupfer  und  seine  Legirungen^  niit  besonderer  Berlick- 
sichtigung  ihrer  Anwendung  in  der  Technickj  Dr.  Carl  Bischoff,  Berlin, 
1865. 

BoLLEY.  Ussais  et  Recherdhes  Chimiques.  By  Professor  P.  A.  BoUey, 
1  vol.,  748  pp.,  Paris,  1869. 

Chapter  XIV,  on  aUoys,  describes  a  large  number  of  useful  aUoys  with  their 
composition. 

Physical  Properties  of  some  Alloys  of  Tin  and  Lead.    Jour. 


Chem.  Soc,  vol.  15,  1862,  pp.  30-36.    Dingler's  Journal^  vol.  162, 
1861,  p.  217. 

Extracts  from  a  prize  essay  by  G.  PiUichody,  of  Berne.    Gives  the  fusing  points 
and  si)ecific  gravities. 

Die  bekannten  technisch  gehrauchten  Metalllegirungen.    The  kno^^n 


technically  employed  alloys.    Dingler's  JoumaL  vol.  129,  1853,  pp. 
438-444. 

Contains  tables  of  a  large  number  of  usefhl  alloys. 

BoussiNGAULT.  N^ote  sur  la  coTnbinaison  du  siliciiim  avec  le  platine  et 
sur  sa  presence  datis  Vainer.  I^ote  on  the  combination  of  silicon  with 
platinum,  and  on  its  presence  in  steel.  Ann.  de  Chim.y  vol.  16, 1821, 
pp.  5-15. 

On  the  Alloys  of  Steel.    Quart.  Jour.  Science,  vol.  12, 1822,  pp. 

316^18. 

Brooman.  Neue  Metalllcgirung  fur  Olockeny  etc.  N^ew  alloy  for  bells,  etc 
By  E.  A.  Brooman.  Dingler's  Journal^  vol.  173,  1864,  pp.  285-286. 
From  the  London  Journal  of  Arts,  May,  1864,  p.  264. 

Bkunner.     Analyse  van  Metalllegirungen.     Analysis  of  Alloys,  by  C 
Bninner.    Erdmann's  Journal^  vol.  58, 1853,  pp.  445-446. 

Calvert  and  Johnson.  On  alloys.  By  F.  Grace  Calvert,  F.  R.  S.,  and 
Bichard  Johnson,  F.  C.  S.  British  Assoc.  Reports,  2, 1855,  pp.  50- 
51.  Phil.  Mag.,  vol.  10,  1855,  pp*  240-251.  Cmnptes  RendnSj  vol.  41, 
1855,  pp.  529-532.  Erdmann's  Journal^  vol.  67, 1856,  pp.  212-216. 
DingWs  Journal^  vol.  138, 1855,  p.  282. 

Account  of  the  beginning  of  a  series  of  experiments  on  the  alloys.  Alloys  of 
the  following  metals  are  described :  Iron  and  potassium,  iron  and  aluminum, 
iron  and  zinc,  zinc,  tin,  and  copper.  This  paper  also  describes  the  action 
of  acids  on  some  of  the  alloys. 

Calvert.  On  the  Expansion  of  Metals,  Alloys,  and  Salts.  By  F.  Grace 
Calvert,  F.  R.  S.    British  Assoc.  Reports,  2, 1858,  pp.  46, 47. 

Marked  differences  between  results  and  those  of  other  exx>erimenter8.  In  all 
the  alloys  examined  the  expansion  was  far  less  than  that  deduced  from 
their  equivalents.  ^ 
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Gal  VERT  and  Johnson.  On  the  Relative  Power  of  Metals  and  Alloys 
to  Conduct  Heat.  By  F.  Grace  Calvert,  F.  R.  S.,  and  Richard  John- 
son, F.  C.  S.     Phil.  Trans.  1858,  pp.  349-^68.     Phil.  Mag.,  vol.  16, 

1858,  pp.  381-383.     Compte8  Eendus^  vol.  47,  1858,  pp.  1069-1072. 

An  extensive  research  on  the  conductivity  of  metals  and  aHoys. 

On  the  Hardness  of  Metals  and  Alloys.    Phil.   Mag.,  voL  17, 

1859,  pp.  114-121.    Jour.  Frank.  Inst.,  vol.  37,  1859,  pp.  198-203. 
Pogg.  Annaleuj  vol.  118,  1859,  pp.  575-582. 

Description  of  new  apparatus  used  and  results  ohtained  on  several  metals  and 
alloys. 

On  the  Specific  Gravities  of  AUovs.    Phil.  Mag.,  vol.  18,  1859, 

pp.  354-359.    British  Assoc.  Reports,  1859,  pp.  66,  67. 

Specific  gravities  of  a  large  number  of  alloys,  with  discussion  of  results. 

On  the  Conductivity  of  Mercury  and  the  Amalgams.    Phil.  Trans., 


1859,  pp.  831-835.    Proc.  Roy.  Soc,  vol.  10, 1859-'60,  pp.  14-16. 

The  conductivity  of  the  fluid  amalgams  was  found  to  be  nearly  the  same  as 
that  of  pure  mercury,  wliich  is  lower  than  that  of  any  other  metal. 

Action  of  Acids  upon  Metals  and  Alloys.    Jour.  Chem.   Soc., 


vol,  19,  1866,  pp.  434-454. 

Action  of  Sulphuric,  Hydrochloric,  and  Nitric  Acids  described.  Some  cnrions 
and  unexpected  results  were  obtained. 

Calvert  and  Lowe.  On  the  Expansion  of  Metals  and  Alloys.  By  F. 
Grace  Calvert,  F.  R.  8.,  and  G.  Clili'  Lowe,  Esq.  Chemical  News., 
vol.  3,  1861,  pp.  315-317,  357^59,  371-^73.  Phil.  Mag.,  vol.  20, 1860, 
pp.  230-233. 

The  results  obtained  agreed  with  those  of  other  experimenters  only  where 
commercial  metals  were  used.  When  pure  metals  wore  used  the  results 
diifer. 

Gabon.  Alliage  de  Barium^  de  Strontium^  de  Calcium  et  de  Sodium. 
Alloys  of  Barium,  Strontium,  Calcium,  and  Sodium.  Comptes  BenduSy 
vol.  48,  1859,  pp.  440,  442. 

Chaudet.  Note  contenant  qnelques  exp6ri&iice8  relatives  h  Taction  de 
Vacide  kydroeklorique  sur  leu  alliages  de  cuivre  et  Wetain,  Note  contain- 
ing some  experiments  relative  to  the  action  of  hydrochloric  acid  on 
the  alloys  of  copi>er  and  tin.  By  M.  Ghaudet.  Ann,  de  Chim.j  voL  7, 
1817,  pp.  275-283. 

Not£  contenant  quelquss  ejoperiences  relatives  A  V action  de  Vacide 

kydroeklorique  sur  les  alliages  d^etain  et  d'antimoine.  Note,  &c.,  action 
of  hydrochloric  acid  on  the  alloys  of  tin  and  antimony.  Ann.  de  Ckim^j 
1816,  vol.  3,  pp.  376-^86. 

Note  contenant  quelques  exp6riences  relatives  h  Vaction  de  Vacide 


kydroeklorique  sur  les  alliages  dUetain  et  de  Msmutk.  Note,  &c.,  action  of 
hvdrochloric  acid  on  the  alloys  of  tin  and  bismuth.  Ann.  de  Ckirn.^ 
vol.  5,  1817,  pp.  142-149. 
Clarke.  The  Constants  of  Nature.  Part  1.  Edited  by  Frank  Wig- 
glesworth  Clarke.  Published  by  the  Smithsonian  Institution,  Wash- 
ington, D.  C,  1873. 

Contains  a  very  com]>lete  and  valuable  table  of  the  specific  gravities  of  the 
alloys,  with  the  melting  points  of  a  few,  and  the  names  of  the  authorities. 

Cooke.  On  Stibiotrizincyle  and  Stibiobizincyle,  two  new  compounds  of 
zinc  and  antimony,  with  some  remarks  on  the  decomposition  of  water 
by  the  alloys  of  these  metals.  By  Josiah  P.  Cooke,  jr.  Am.  Jour.  Art 
and  Sci.,  vol.  18, 1854,  pp.  229-237.  Erdmann's  Journal,  vol.  64, 1855, 
pp.  90-92. 
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Cooke.  On  two  new  crystalline  Compounds  of  Zinc  and  Antimony,  and 

on  the  Cause  of  the  Variation  of  Composition  observed  in  the  Crystals. 

Memoirs  of  the  American  Academy,  vol.  5,  1855,  pp.  337-371. 
On  an  apparent  Perturbation  of  the  Law  of  definite  Proportions 

observed  in  the  Compounds  of  Zinc  and  Antimony.    Am.  Jour.  Art 

and  8ci.,  vol.  20,  1855,  pp.  222-238. 

Crystalline  Form  not  necessarily  an  Indication  of  definite  Chemi- 


cal Composition ;  or,  on  the  possible  Variation  of  Constitution  in  a  Min- 
eral Species  independent  of  Isomerism.  Am.  Jour.  Art  and  Sci.,  vol. 
30,  18W),  pp.  194-204.  Phil.  Mag.,  vol.  19,  1860,  pp.  405-416.  Erd- 
mann's  Journal^  vol.  80,  1860,  pp.  411-418. 

Contains  some  dednctions  from  the  observations  made  on  the  crystallization 
of  the  aUoys  of  zinc  and  antimony. 

Ceoockewit.  Ueher  chefnische  Metallverbitidungen.  On  chemical  com- 
binations of  metals.  Erdmann's  Journal^  vol.  45, 1848,  pp.  87-93.  Lie- 
big's  Annalen,*  vol.  18, 1848,  pp.  289-293. 

Contains  the  s^cific  gravities  of  a  number  of  alloys,  noting  the  difference  of' 
specific  gra^aty  in  the  top  and  bottom  of  a  bar  cast  vertically. 

D'Arcet.  Note  sur  Vessai  des  alliaffes  de  platine  et  Wargent^  et  sur  Vappli- 
cation  que  Von  pent  f aire  de  ceprocMe  d,  V  exploitation  des  mines  War  gent 
contenant  du  platine.  Note  on  the  tests  of  alloys  of  platinum  and  silver 
and  on  the  application  which  might  be  made  of  this  process  in  the 
working  of  mines  of  silver  ores  containing  platinum.  By  M.  IVArcet. 
Ann.  de  Chim.^  1814,  vol.89,  pp.  135-149. 

Observations  on  a  note  by  Stanislas  Julien,  "  Procidi  des  Chinois 

pour  fabriquer  les  Tarn  Tarns  et  les  CymhalesP  Process  of  the  Chinese 
for  the  manufacture  of  tam-tams  and  cymbals.  Ann,  de  Chim,^  vol.  54,. 
1833,  pp.  331-;335. 

Sur  Valteratum  qu^Sprouvent  de  la  part  des  substances  culinaires 


les  alliages  de  cuivre,  de  zinc  et  de  nickel^  connus  sous  les  noms  de  Maille- 
chorty  Melchior^  Argentun,  On  the  alterations  produced  in  culinary  sub- 
stances by  the  alloys  of  copper,  zinc,  and  nickel,  known  under  the 
names  of  Maillechort,  Melchior,  Argentan.  Jour  de  Pharm.,,  vol..  23; 
1837,  pp.  223-227. 

Debray.  Des  Alliages  d^ Aluminium.  Alloys  of  Aluminum.  By  M.  H. 
Debray.  Comptes  Rendus^  vol.  43,  1856,  px).  925-927.  Dingler's  Jour- 
nal^ vol.  143, 1857,  p.  42. 

De  la  EiTE.  On  a  Crystallized  Alloy  of  Zine,  Lead,  and  Copper.  By 
Warren  de  la  Rue.  Phil.  Mag.,  vol.  27, 1845,  pp.  370-312.  Erdmannfs 
Journal^  vol.  37,  1846,  pp.  126-127. 

The  alloy  was  obtained  from  the  worn-ont  amalgamated  zinc  plal;6s .  used  in» 
the  voltaic  battery. 

De  Ruolz  and  de  Fontenay.  Darstellung  ein>er  MetalHegirung-yWelche 

foMfur  alle  Zwe4!ike  benutzt  icerden  kanUj  wozu  gewohnlich  Silber  ange- 

wendet  wird.    Description  of  an  alloy  which  can  be  used  for  all  i)ur- 

poses  for  which  silver  is  generally  used.    Dingler's  Journal^  vol.  134, 

1854,  pp.  215,  216. 

On  phosphoric   bronze.      Comptes   Bendus^  vol.  73,   1871,   pp. 

1468-1470. 

MM.  H.  de  Ruolz  and  A.  de  Fontenay  presented  a  commimication  to  the 
French  Academy  of  Sciences,  in  which,  after  referring  to  a  paper  by  Levi 
and  KUnzel  (see  Levi  and  K.,  Essais,  &^c.),  they  claim  that  they  used  the 
identical  processes  described  by  these  authors  in  experiments  made  for  the 
French  Government  from  1854  to  1859,  ))Ut  that  they  had  kept  them  secret 
up  to  this  time  (1871).  They  claim  that  they  were  the  first  to  use  phos- 
pnonis  in  bronze  for  artillery,  and  also  manganese  for  the  same  purpose, 
whether  alone  or  associated  with  other  metals. 

H.  Ex.  98 33 
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Deville.  Method  cPanalyse  des  bronzes  et  des  laitons.  Method  of  an- 
alysis of  bronze  and  brass.  By  Henri  St.  Claire  Deville.  Ann.  de 
CAm.,  vol.  43, 1855,  pp.  473-477. 

— : —  Eecherches  sur  les  rn^tmix,  et  en  particulier  snr  Valuminium  et  sur 
une  nouvelle  forme  de  ailicium.  Researches  on  the  metals,  and  in  par- 
ticular on  aluminum  and  on  a  new  form  of  silicon.  Ann  de  Chim.^  vol. 
43, 1835,  pp.  5-36. 

De  V  Aluminium  J  Res  ProprietSsj  sa  Fabrication  et  ses  Applicatiom. 


Concerning  aluminum,  its  properties,  manufacture,  and  api>licatioDS. 
1  vol.,  Paris,  1859. 
Dick.    Improvement  in  alloys  of  copper  for  bearings.    By  C.  J.  A.  DicL 
United  States  patent,  April  9,  1872,  No.  125549. 

Claims  the  addition  of  a  limited  proportion  of  lead,  with  or  without  other 
metals,  to  phosphorized  alloys  of  copper  and  tin,  making  them  especially 
valuable  tor  journal  bearings. 

DiNGLEK.  Dingler's  Polytechnisches  Journal  contains  several  short  arti- 
cles on  alloys,  among  which  are :  Vol.  27,  p.  273,  and  vol.  29,  p.  442, 
1828.  Different  alloys :  Vol.  123,  1852,  pp.  267-277.  Preparation  of 
Britannia  metal :  Vol.  134,  1854,  pp.  313,  314.  White  journal  metal 
used  on  Hanoverian  railways :  Vol.  139, 1856,  p.  464.  Alloys  lor  piston 
rings  of  locomotives:  Vol.  211,  1874,  p.  322.    Phosphor-bronze. 

DuNLEVTE.  LagermetaU.  Metal  for  .journal  bearings.  Dingler's  Jour- 
nal, vol.  177, 1865,  pp.  326, 327.    London  Journal  of  Arts,  1865,  p.  205. 

Alloy  containing  tin,  zinc,  copper,  and  antimony,  heats  very  little  by  friction. 

DussAUSSOY.  B4sultat  des  experiences  faites  par  ordre  de  l^m  Excellenee 
le  Mareschal  Due  de  Feltre,  ministre  de  la  Ouerre,  sur  Us  allia^es  de 
cuivrCy  d}6tainy  de  zinc  et  de  fer,  consid4ris  sous  le  rapport  de  la  fabrica- 
tion des  bouches  dfetij  et  autres  ohjets  semblahles.  Result  of  experiments 
made,  &c.,  on  the  alloys  of  copper,  tin,  zinc,  and  iron,  considered  with 
reference  to  the  manufacture  of  cannon  and  other  like  objects.  By 
M.  Dussaussoy.    Ann.  de  Chim.,  vol.  5, 1817,  pp.  113-121 ;  225-234. 

Eclectic.  Van  Nostrand's  Eclectic  Engineering  Magazine.  1869,  p. 
172.  Alloys  fusible  at  specified  temperatures.  1873,  vol.  8,  p.  570. 
White  metal  for  machinery. 

For  crank  and  connecting  rod  bearings,  90  tin,  8  antimony,  2  copper.  For 
pivots,  slide  valves,  &c.,  78.5  tin,  11.5  antimony,  10  copper.  For  locomo- 
tives (Swiss),  80  tin,  10  antimony,  10  copper. 

Engineer.  Phosphorized  Bronze  and  other  Alloys  as  a  Material  for 
Artillery.  Engineer,  London,  vol.  33, 1872,  pp.  127,  128, 145,  146, 179, 
181. 

A  valuable  article,  giving  results  of  experiments. 

Faraday.  Lettre  au  Prof  De  la  Rive  sur  les  alUages  que  forme  Vacicr 
avec  differents  metaux.  Letter  to  Prof.  De  la  Rive  on  the  alloys  which 
steel  forms  with  different  metals.  Bibliothdque  Universelle,  vol,  14, 
1820,  pp.  209-215.    (See  Stodart  and  Faraday.) 

Franklin  Institute.  Journal  of  the  Franklfn  Institute,  vol.  67, 1874, 
pp.  293-296.  Describes  the  Ferro-Man^anese  made  by  the  Terre 
Noire  Company  of  France,  and  used  in  the  Bessemer  process.  Vol.  67, 
1874,  pp.  160,  161.    Uses  of  phosphor-bronze. 

Forbes.  On  the  Chemical  Examination  of  some  Alloys  of  Copper  and 
Zinc.  By  David  Forbes,  F.  G.  S.,  &c.  Chemical  Gazette,  1854,  p. 
393.    British  Assoc.  Exports,  2,  1854,  p.  67. 

Describes  a  separation  of  compounds  in  ordinary  brass-making,  two  ftUoys 
bein^  fonnd,  one  of  a  deep  yellow  color  and  malleable,  and  the  other  of  a 
brilhant  white  and  brittle. 
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Fbemt.    Note  8ur  le  chrome  cristallize  et  sur  les  alliages  cPaluminium. 

Note  on  crystallized  chromium  and  on  aluminum  alloys.     Comptes 

Rendusy  vol.  44,  1857,  p.  632. 
Gbdge.    Improvements  in  the  manufacture  of  metallic  compounds. 

British  patent,  1853,  Nov.  12,  No.  2626. 
Alloys  of  copper,  zinc,  and  iron  for  shipbuilding.    Dingler's 

Journal,  vol.  158,  1863,  p.  273. 
Genth.  ,  Analysis  of  Chinese  Alloys.    By  F.  A.  Genth.    Jour.  Frank. 

Inst.,  vol.  36,  1858,  p.  261.    Phil.  Mag.,  vol.  16, 1858,  pp.  420-426. 

Some  Chinese  coins  were  found  to  contain  chiefly  copper  and  zinc,  with  small 
traces  of  other  metals.    As  many  as  eight  metals  were  found  in  one  alloy. 

Gebsheim.  Erfindung  einer  Metallcomposition,  die  sich  durch  Stoasen 
und  DrikJcen  so  tveich  und  plastisch  machen  Iroesst,  dasz  sie  mit  den  Finr 
gern  in  jede  heliebige  Form  gedriickt  icerden  ]cann.  Discovery  of  a  me- 
tallic compound  which  can  be  made  so  soft  and  plastic  by  pounding 
and  pressing  that  it  can  be  worked  into  any  form  by  the  fingers. 
Dingler's  Journal,  vol.  147, 1858,  pp.  462,  463. 

Gebsdoepf.  Ueber  das  Faekfong.  On  Packfong.  By  H.  V.  Gers- 
dorff.    Pogg.  Annalen,  vol.  8, 1826,  pp.  103-106. 

Graham.  The  Brassfounder's  Manual.  By  Walter  Graham.  1  vol.^ 
London,  1870. 

Instructions  for  modeling,  pattern-making,  molding,  alloying,  turning,  filing, 
bronzing,  &.c. 

Graham.    On  the  Melting  Points  of  Easily  Fusible  Alloys.    Foly- 

technisches  Centralblatt,  1874,  p.  923. 
GuETTiEB.     Ouide  pratique  aes  alliages  mStalliques.    Practical  Guide 

of  Xhe  Metallic  Alloys.    By  A.  Guettier,  director  of  founderies,  &c.    1 

vol.,  Paris,  1865.    The  same,  translated  into  English.    By  A.  A.  Fes- 

quet.    1  vol.,  Phila.,  1871. 

A  valuable  and  concise  treatise  on  the  alloys,  describing  their  properties,  and 
giving  directions  for  their  manufacture. 

Fraktische  Untersnchungen  uber  technische  Metalllegirungen,  Prac- 
tical researches  on  technical  alloys.  By  A.  Guettier.  Dingler's  Jowr- 
naU  vol.  114,  1849,  pp.  128-135 ;  196-279. 

Hachettb.  Histarische  Notiz  uber  Stahllegirungen  und  Damaszirung, 
Historical  note  on  steel  alloys  and  Damascening.  Dingler's  Journal, 
vol.  5, 1821,  pp.  435-438. 

Ha^hlton  and  Parker.  New  Metal  in  Imitation  of  Gk)ld,  called  Mosaic 
Gold.  Jour.  Frank.  Inst.,  vol.  1,  1826,  pp.  139, 140 ;  vol.  2,  p.  215. 
Dingler's  Journal,  vol.  21,  1826,  pp.  234,  235. 

Haswell.    Engineer's  Pocket-Book.    By  C.  H.  Haswell. 

Table  of  composition  of  several  useful  alloys. 

Hatchett.  Experiments  and  Observations  on  the  various  Alloys,  on 
the  specific  Gravity,  and  on  the  comparative  Wear  of  Gold  5  being  the 
Substance  of  a  Report  made  to  the  Committee  of  the  Privy  Council 
appointed  to  take  into  Consideration  the  State  of  the  Coins  of  the 
Kingdom,  &c.  By  Charles  Hatchett,  F.  R.  S.  Phil.  Trans.,  1803,  pp. 
43-104. 

Hert6.  Nouveau  Manuel  CoinpUte  des  Alliages  Miialliques,  New  com- 
plete manual  of  the  metallic  alloys.    By  A.  Herve.    1  vol.,  Paris,  1839. 

Contains  the  preparation  of  the  alloys,  their  principcil  i)roperties,  their  use, 
their  existence  in  nature^  their  analysis,  &c. 

Iron  Age.  Mar.  27, 1873,  p.  1.  Melting  Points  of  Lead  and  Tin  Alloys. 
Dec.  10, 1874.    The  deposition  of  alloys. 
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Jacoby.  Improvement  in  metallic  alloy.  By  J.  E.  Jacoby.  British 
patent,  October  7, 1873,  No.  3246.    Chemical  News,  vol.  30, 1874,  p.  10. 

Alloys  containing  from  70  to  73  per  cent,  of  copper,  9  to  11  per  c«nt.  tin,  15  to 
2()  per  cent,  lesul,  and  from  0.05  to  1  per  cent,  zinc  for  journal  bearings  and 
like  puri>0He8. 

Jacobi.  VorzUgliche  Legirung  filr  Zwpfenlager,  Excellent  alloy  for 
journal  boxes.  By  E.  Jacobi.  Dingler's  Journal^  vol.  167,  1863,  p. 
463. 

*  Alloy  of  5  parts  copper,  85  tin,  and  10  antimony. 

Jahresbericht.  Jahresbericht  ueher  die  Leistungender  chemischen  Tech- 
nologwj  von  Rudolf  Wagner,  Leipzig. 

Contains  several  articles  on  alloys.  Phospbor-brou^e  is  discnssed  in  tbc  nnm- 
bers  for  ltf70,  1871,  1872,  and  1873. 

Johnson.  Alloy  of  Wrought  and  Cast  Iron  to  Replace  Steel.  Practical 
Mechanics'  Journal,  2d  series,  vol.  5,  p.  207. 

Joule.  On  some  Amalgams  By  J.  P.  Joule,  F.  R.  S.,  British  Associa- 
tion Reports,  2,  1850,  p.  65.    Jour.  Chem.  Soc,  1,  1863,  pp.  378-387. 

Describes  amalgams  of  iron,  copper,  silver,  platinum,  zinc,  lead,  and  tin. 

Julien.  Precede  des  Chinoi^  pour  fabriqaerft  les  Tarn  Tarns  et  les  Cym- 
bales.  Process  of  the  Chinese  for  making  tam-tams  and  cymbals.  By 
Stanislas  Julien.    Ann.  de  Chim.j  vol.  54,  1833,  pp.  329-331. 

Karsten.  Untersuchungen  der  JEnglwchen  MeMlurgen  uber  die  Verhes- 
serung  des  Stahls  durch  Legirung  mit  andercn  Metallen.  Researches  of 
the  English  metallurgists  on  the  improvement  of  steel  when  alloyed 
with  other  metals.  BvC.  J.  B.  Karsten.  Karsten  Archiv.f.  Berghau^ 
vol.  9,  1825;  pp.  322-363. 

Ueher  Metalllegirungenj  besonders  ilber  die  Legirung  atis  Kupfer 

tind  Zinl\  On  alloys,  especially  those  of  copper  and  zinc.  Dingler's 
Journal^  vol.  72,  1839,  pp.  128-132.  Pogg.  Annale^i^  vol.  46,  1839,  pp. 
160-165. 

Ueber  Kupfer-Zinn-Legirungen  und  deren  Verhalten  beim  OlUhen. 


On  alloy's  of  copper  and  tin,  and  their  behavior  when  heated.    Schweig- 
ger  Journ.,  vol.  66,  1832,  pp.  255-286,  386-401.    Jour.  Frank.  Inst., 
vol.  20,  1850,  pp.  340-343. 
Kerl.    Repertorium  der  technischen  Literatnr.    A  list  of  scientific  papers 
l)ublished  between  the  years  1854  and  1868. 

Vol.  2,  pp.  94-97.  Under  tbe  head  of  MetaUleginingen  is  fonnd  a  list  of  one 
hundred  papers  by  various  authorities,  having  more  or  less  reference  t-o  the 
alloys. 

Kneiss.  Legirung  fur  MascMnenlagei\  Alloy  for  machine-bearings. 
Dingler's  Journal^  vol.  158,  1860 ;  p.  236. 

Alloy  of  3  parts  copper,  40  zinc,  42  lead,  15  tin. 

Knight.    Knight's  American  Mechanical  Dictionary. 

Article  on  alloys.     General  description,  verj'  full  and  correct. 

KOPP.  Ungleiche  Mischicng  van  MetalUegirungen  in  geschmolzeneni  Zus- 
tande.  Unequal  mixture  of  alloys  in  the  molten  state.  By  Hennaun 
Kopp.    Liebig's  Annalen^  vol.  40,  1841,  pp.  184-18(5. 

Dichtiffkeit  des  Cadmium  Amalgams.  Density  of  cadmium  amal- 
gams.    Liebig's  AnnaJenj  vol.  40,  1841,  p.  186. 

Expansion  of  some  Solid  Bodies  by  Heat.    Phil.  Mag.,  vol.  3, 


1852,  pp.  26S-270.    Liebig's  Antialenj  vol.  81,  1852,  pp.  1-67. 
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Kopp.  Copper  and  Zinc  Alloy.  By  M.  E.  Kopp.  Chemical  ITews,  vol. 
3,  1861,  p.  91. 

Alloy  of  60  parts  copper,  38.15  zinc,  1.50  iron,  remarkable  for  its  malleability. 

KuNZEL.    (See  Levi  and  Kilnzel.) 

KUPFPEB.  Note  8ur  la  pesanteur  spSeifique  des  alliages  et  leur  point  de 
fusion.  Kote  on  the  specific  gravities  of  the  alloys  and  their  points 
of  fusion.  Ann.  de  Chim.,  vol.  40,  1829,  pp.  285-^03.  Quart.  Jour. 
Sci.,  vol.  2,  1829,  pp.  185, 186. 

Describes  experiments  on  the  speciiic  gravities  and  points  of  fusion  of  the 
alloys  and  amalgams  of  tin  and  lead. 

Lafond.  Ueber  die  Bronzen  und  andere  Legirungen.  On  bronzes  and 
other  alloys.    Dingler's  Journal^  vol.  135,  1855,  pj).  269-276. 

A  list  of  a  number  of  alloys,  chiefly  of  copper,  tin,  lead,  and  antimony,  with 
a  description  of  their  pro}>erties  and  uses. 

Labkin.  The  Brass  and  Iron  Founders'  Guide.  By  James  Larkin.  1 
vol.,  Phila.,  1874. 

A  concise  treatise  on  brass  founding  and  molding ;  the  metals  and  their 
alloys,  &c. 

Laugibe.  Analyse  de  quelques  alliages  de  bismuth.  Analysis  of  some 
alloys  of  tismuth.  Ann.  de  Chim.,  vol.  36,  1827,  pp.  332-334.  Ding- 
ler's Journal^  vol.  27,  1828,  p.  240. 

Levi  and  Kunzel.  Essais  sur  Vemploi  de  divers  allia^eSy  et  specialement 
du  bronze  phosphoreux^  pour  la  coulee  des  bouches  a  feu.  Experiments 
on  the  use  of  various  alloys,  and  especially  of  phosphoric  bronze,  for 
the  casting  of  cannon.  By  MM.  Monteftore  Levi  and  C.  M.  Kilnzel. 
Comptes  Bendus,  vol.  73,  1871,  pp.  530-534. 

The  same,  translated  into  English  by  John  D.  Brandt,  chief  clerk 

Bureau  of  Ordnance,  Navy  Department,  IJnited  States.  1  vol.,  Wash- 
ington, Government  Printing  Office,  1872. 

Contains  complete  tables  of  a  valuable  series  of  experiments  on  metals  for 
cannon.  Bronzes  containing  manganese,  nickel,  iron,  zinc,  and  phosphorus 
were  experimented  upon. 

Bronze  Alloy.    United  States  patents  granted  to  G.  M.  Le\i  and 


C.  M.  Kunzel,  May  23,  1871,  No.  115220,  and  Nov.  14, 1871,  No.  120984. 

Levi.  On  Phosphoric  ferouze  and  its  Principal  Industrial  Uses.  By 
M.  C.  Montefiore  Levi.  Amer.  Chemist,  vol.  5,  1874,  pp.  178-180. 
Dingler's  Journal^  vol.  211,  1874,  p.  322. 

Levol.  Memoires  sur  le  dosage  de  Varsenic  dans  Us  mStaux  usuels  et  dans 
leur  alliages.  Memoirs  on  the  amount  of  arsenic  in  the  usual  metals 
aud  their  alloys.    Ann.  de  Chim.,  vol.  16,  1846,  pp.  493-504. 

Note  sur  une  nouvelle  cav^se  d^hetSrogeneite  des  alliages  Wargent  et 

de  cuivre  produit  par  absorption  Woj>igene.    Note  on  a  new  cause  of 
heterogeneity  of  the  alloys  of  silver  and  copper,  produced  by  the 
absorption  of  oxygen.    Bevue  8c  entifique,  vol.  10, 1846,  pp.  211-213. 
Memoire  sur  les  alliages  metalliques  considires  sous  Is  rapport  de 


leur  composition  chimique.  Memoir  on  the  alloys  considered  with  ref- 
erence to  their  chemical  composition.  Ann.  de  Chim,^  vol.  36,  1852, 
pp.  193-224;  vol.  39,  1853,  pp.  163-184.  Journ,  de  Pharm.,  vol.  17, 
1850,  pp.  111-114.    Erdmann's  Journal,  vol.  60, 1853,  pp.  449-456. 

De  Vinfiuence  du  bismuth  sur  la  diwtilit^  de  cuivre.    On  the  influ- 


ence of  bismuth  on  the  ductility  of  copper.    Paris,  Bull,  de  la  Soc, 
Encour.j  vol.  4, 1853,  pp.  746-748. 
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Levol.  Legirung  von  Oold  und  Silher.  Kupfer ;  Silber  mit  Blei.  Alloys 
of  gold  and  silver,  gold  and  copper,  silver  and  lead.  Dingler's  Jaumalj 
vol.  136,  1856,  pp.  453-454.    Ann.  de  Chim.^  vol.  39,  p.  1G3. 

Legirung  von  Silber  mit  Kupfer,     Alloys  of  silver  and  copper. 

Dingler's  JoumaLvol  130, 1853,  pp.  128-129. 

LiPOWiTZ.  Ueher  WoodJsAeichtfluHsiges  MetalL  On  Wood's  easily-fusible 
metal.    Dingler's  Journal^  voL  158, 1860,  pp.  376, 377. 

Describes  several  fasible  alloys  which  melt  at  points  between  60°  and  98^0. 

Mallet.  Chemical  and  Physical  Properties  of  the  Atomic  Alloys  of 
Copx)er  and  Zinc,  and  Copper  and  "Kn.  By  Bobert  Mallet,  F.  R.  S. 
Phil.  Mag.,  vol.  21,  1842,  pp.  6(M>8.  Dingler's  Journal^  vol.  85, 1842, 
j>.  378. 

Tables  giving  the  chemical  composition,  specific  gravity,  color,  fracture,  cohe- 
sion, and  order  of  dnctility,  malleability,  hardness,  and  fusibility  of  the 
alloys  of  copper  and  zinc  and  copper  and  tin. 

On  a  Metallic  Alloy  in  an  Unasual  State  of  Aggregation.    Phil. 

Mag.,  vol.  23, 1848,  p.  141. 

A  new  alloy  was  formed  by  portions  of  abraded  brass  in  a  Jonmal-bearing  be- 
ing forced  into  close  contact.  It  was  of  identical  composition  with  the  orif^- 
inal  brass,  but  was  black  in  color,  and  had  only  one-fifteenth  of  its  strength. 

On  the  Physical  Conditions  involved  in  the  Construction  of 


Artilleiy.    1  vol.,  London,  1856. 

Contains  a  discussion  of  the  properties  of  bronze  as  a  material  for  cannon, 
with  the  effects  of  rapid  and  of  slow  cooling,  and  the  effects  due  to  repeated 
fusion  and  to  the  presence  of  impurities  in  minute  proportions. 

Matthiessen.  On  the  Specific  Gravities  of  Alloys.  By  A.  Matthiessen, 
F.  E.  S.  Phil.  Trans.,  1860,  pp.  177-184.  Proc.  Roy.  Soc,  vol.  10, 
1859-'60,  pp.  12, 13.    Pogg.  AtinaleUj  vol.  110,  1860,  pp.  21-37. 

An  extensive  research  upon  the  specific  gravities  of  18  different  series  of  alloys. 

On  an  Alloy  which  may  be  used  as  a  Standard  of  Electrical 

Eesistance.    Phil.  Mag.,  vol.  21,  1861,  pp.  107-115. 

Recommending  the  alloy  of  2  parts  gold  and  1  part  silver  as  a  standard  of 
electrical  resistance. 

Kote  on  Professor  BoUey's  communication  "On  some  Physical 


Properties  of  the  Alloys  of  Tin  and  Lead.''    Jour,  Chem,  8oc.^  vol.  15, 
1862,  pp.  105-107. 

Criticism  of  Professor  BoUey's  method  of  finding  the  calculated  specific  grav- 
ities. 

On  the  Electric  Conducling  Power  of  Alloys.    Phil.  Trans.,  1860, 


pp.  161-176.    Proc.  Koy.  Soc,  vol.  10, 1859-'60,  pp.  206-206.    Pogg. 
Annalen,  vol.  110, 1860,  pp.  190-221. 

A  valuable  research  on  the  electric  conducting  power  of  18  different  series  of 
alloys. 

Eeport  on  the  Chemical  Nature  of  Alloys.    British  Assoc.  Re- 


ports, 1,  1863,  pp.  37-48. 

Complete  classification  of  the  alloys  according  to  their  chemical  nature,  as 
deduced  chiefly  from  experiments  upon  their  conducti"vity. 

On  the  Variation  of  the  Electrical  Resistance  of  Alloys  due  to  a 


change  of  Temperature.    British  Assoc.  Reports,  2, 1863,  pp.  124-127. 
Electrician,  vol.  4,  1863,  pp.  285,  286,  296. 

On  the  Electrical  Permanence  of  Metals  and  Alloys.    British 


Assoc.  Reports,  1863,  2,  pp.  127-130.    Electrician,  vol.  4,  1863,  pp. 
296,  297,  vol.  5,  p.  5. 
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Matthiessbn.    On  Alloys.    Jour.  Chem.  Soc.,  voL  5, 1867,  pp.  201-220. 

A  discourse  on  the  general  nature  and  properties  of  alloys,  and  reasons  de^ 
dnced  from  experiment  for  the  author's  adoption  of  certain  views  on  the  sub- 
ject. 

Matthiessen  and  Von  Bose.  On  the  Lead  Zinc  and  Bismuth-Zinc 
Alloys.  By  A.  Matthiessen,  F.  E.  S.,  and  M.  Von  Bose.  Proc.  Eoy. 
Soc.,  vol.  11,  1860-^62,  pp.  430-433.  Erdmann's  Journal^  vol.  84, 1861, 
pp.  323-326. 

Lead  and  zinc  do  not  alloy  in  all  proportions.  The  results  show  that  lead  will 
dissolve  only  1.6  per  cent,  of  zinc  and  zinc  only  1.2  per  cent,  lead;  that 
zinc  will  dissolve  only  2.4  x>er  cent,  of  bismuth  and  bismuth  from  8.6  to  14.3 
per  cent.  zinc. 

On  some  Gold-Tin  Alloys.    Proc.  Eoy.  Soc.,  vol.  11, 1860-'62,  pp. 


433-436.    Erdmann's  Journal^  vol.  84, 1861,  pp.  319-322. 

Describing  some  experiments  on  the  crystallization  of  some  of  the  alloys  of 
gold  and  tin. 

Matthiessen  and  Voot.  On  the  Influence  of  Temperature  on  the 
Electric  Conducting  Power  of  Alloys.  By  A.  Matthiessen,  F.  E.  S., 
and  Carl  Vogt.    Phil.  Trans.,  1864,  pp.  167-200. 

A  research  on  the  electric  conducting  power  of  a  large  number  of  aUoys  at 
different  temperatures. 

Matthiessen  and  Holzmann.  On  the  Effect  of  the  Presence  of  the 
Metals  and  Metalloids  on  the  Electric  Conductivity  of  Pure  Copper. 
By  A.  Matthiessen,  F.  E.  S.,  and  M.  Holzmann.  Phil.  Trans.,  1860, 
pp.  85-92.    Pogg.  Annaleriy  vol.  110, 1860,  pp.  222-234. 

Matjmen^.  Note  sur  les  bronzes  du  Japan.  Note  on  the  bronzes  of 
Japan.  By  E.  G.  Maumen6.  Camptes  Rei\dus^  vol.  80, 1875,  pp.  1009, 
1010.    Scientific  American,  Oct.  30,  1875,  p.  281. 

Michel.  Ueher  krystallisirte  Verbindungen  von  Aluminium  mit  Metallen. 
On  crystallized  compounds  of  aluminum  with  metals.  Liebig's  Anna- 
leuj  vol.  115, 1860,  pp.  102-105.  Erdmann's  Journal^  vol.  82, 1861,  pp. 
237,  238.  PhU.  Mag.,  vol.  20,  1860,  p.  377. 

Describes  alloys  of  aluminum  with  tungsten,  molybdenum,  manganese,  iron, 
nickel,  and  titanium. 

MiLLEB.  On  the  Form  of  an  Allov  of  Bismuth.  By  Wm.  Hallows 
MiUer.    Phil.  Mag.,  vol.  12,  1856,  pp.  48,  49. 

Describes  crystallization  of  an  alloy  of  bismuth  containing  nickel,  copper, 
and  sulphur. 

-MoBiN.    8ur  quelques  bronzes  de  la  Chine  et  du  Japan  a  patin>e  foncSe.    On 

some  bronzes  of  China  and  Japan  with  dark  patina.    By  M.  H.  Morin. 

Comptes  EenduSj  vol.  78, 1874,  pp.  811-814. 
MuNTZ.    Ship-sheathing  metal.    British  patents,  1832,  Oct.  22,  No.  6325. 

1846,  Oct.  15,  No.  11410.    1852,  May  8,  No.  14117.    1858,  Mar.  19,  No. 

572.    1858,  May  21,  No.  1134.    London  Journal  of  Arts,  May,  1847, 

p.  268.    Dingler's  Journal,  vol.  104,  1847,  p.  465. 
Mtjshet.  On  the  Alloys  of  Iron  and  Copper.    By  David  Mushet.   Phil. 

Mag.,  vol.  6,  1835,  pp.  81-85.    Dingler's  Journal^  vol.  56,  1835,  p.  11. 

The  author  claims  to  have  established  the  practicability  of  alloying  malleable 
iron  with  copper  in  every  reasonable  proportion. 

On  the  Immersion  of  Copper  for  Bolts  and  Ship-Sheathing  in 

Muriatic  Acid  as  a  Test  of  its  Durability.    Phil.  Mag.,  vol.  6, 1835, 
pp.  444-447. 

Unrefined  copper  was  found  to  resist  the  action  of  muriatic  acid  better  than 
pure  copper.    This  was  proved  to  be  due  to  the  presence  of  tin. 
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MusHET.  Alloys  of  Tungsten.  Several  patents  for  the  same.  See  Brit- 
ish patent  reports.  Abridgment  of  Specifications  relating  to  Metals 
and  Alloys.    London,  1861. 

MusPRATT.  Muspratt's  Chemistry,  vol.  1,  pp.  533-553.  Article  on 
Copi)er  Alloys. 

A  valuable  article.    Includes  a  description  of  the  method  of  casting;  bronze 
gnns,  and  the  changes  of  density,  hardness,  &c.,  of  bronze  by  tempering. 

MusscHENBROEK.  Miisschcnbroek  is  referred  to  by  several  writers  as 
having  made  experiments  upon  alloys  in  the  first  part  of  the  last  cent- 
ury. See  Encyclopiedia  Britannica ;  article,  Strength.  Also,  Knight's 
Am.  Mech.  Dictionary. 

!Netke.  Weissguss  Jilr  Lager.  White  casting  for  journals.  Dingler's 
Journal,  vol.  168, 1863,  p.  74. 

Alloy  of  8  parts  tin,  2  parts  antimony,  1  part  copper.   Used  by  General  Steam 
Navigation  Company  of  London  for  wheel  and  propeller  shafts,  &c. 

OxLAND.  Improvements  in  Manufacture  of  Alloys  containing  Tungsten. 

British  patent,  1857.  December  18,  No.  3114. 
De  Pabadis.    Das  Aich-Metall  und  das  Sterro-Metallj  zwei  neue  Metall 

legirungen.     Aich-metal  and   sterro-metal,  two  new  metallic  alloys. 

Dingler's  Journal,  vol.  160, 1861,  pp.  34-40. 

Description  of  these  two  alloys  and  their  mechanical  properties. 

Parkes.  Several  valuable  alloys  made  by  Mr.  Parkes,  described  in 
Ure's  Dictionary,  vol.  1 ;  article.  Alloy.  See,  also,  British  Patents, 
Abridgment  of  Si)ecitications  relating  to  Metals  and  Alloys.  London, 
1861.  Dingler's  Journal,  vol.  116, 1850,  pp.  78-80.  Mechanics'  Maga- 
zine, vol.  61,  p.  309. 

Patents,  U.  S.  General  Index  of  Patents,  1790  to  1873,  U.  S.  Patent 
Office. 

Contains  list  of  53  patents  having  reference  to  alloys. 

Patents,  G.  B.  Abridgments  of  the  Si)ecification8  relating  to  Metals 
and  Alloys.  Printed  by  order  of  the  British  Commissioner  of  Patents. 
London,  1861. 

Contains  abridgments  of  specificatious  of  more  than  100  patents  of  alloy's, 
dating  between  1664  and  li:^59. 

Peligot.  Sur  les  aUiages  d^argent  et  de  zinc.  On  the  alloys  of  silver 
and  zinc.  By  Eugene  PeUgot.  Comptes  Bendus,  vol.  ^j  1864,  pp. 
645-651. 

Percy.  On  some  of  the  Alloys  of  Tungsten.  By  John  Percy,  F.  R, 
S.    British  Assoc.  Reports,  2,  1848,  p.  57. 

Experiments  on  the  economic  nse  of  tungsten  in  alloys.    The  results  were 
unsatisfactory. 

On  Copper  containing  Phosphorus,  with  Details  of  Experiments 

on  the  Corrosive  Action  of  Sea  Water  on  some  varieties  of  Copper. 
British  Assoc.  Reports,  2,  1849,  i)p.  39,  40. 

Describes  an  alloy  containing  copper  95.72,  iron  2.41,  phosphorus  2.41.    On  its 
being  exposed  to  sea  water  for  9  months  there  was  no  loss  of  weight. 

Metallurgy.    Yol.  1.    Fuel;  Fire  Clays;  Copper;  Zinc;  Brass, 

etc.    London,  i861. 

Contains  a  valuable  account  of  brass  and  other  alloys  of  copper. 

Metallurgy.    Vol.  2.    Iron  and  Steel.    London,  1864 ;  pp.  147-197. 

Contains  a  very  full  account  of  the  alloys  of  iron  with  other  metals. 
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Person.  Solution  Wwns  prohleme  sur  la  fusion  des  alliages.  Solution 
of  a  problem  on  the  fusion  of  the  alloys.  By  C.  C.  Person.  Comptes 
Rendm.  vol.  23, 1846,  pp.  626-629.  Pogg.  Annalm.  vol.  70,  1847,  pp. 
38^-392. 

Experiments  on  some  alloys  of  blsmnth,  lead,  and  tin.  M.  Person  concludes 
tnat  it  is  possible  to  assign  in  advance  the  heat  necessary  to  fuse  an  alloys, 
if  that  required  to  fuse  each  of  its  components  is  known. 

Sur  la  chaleur  spSciJique  anomale  de  certains  aUiages  et  sur  leur 


rSchanffement  spontaneapr^  la  solidification.  On  the  anomalous  specific 
heat  of  certain  alloys  and  their  spontaneous  reheating  after  solidifica- 
tion. Comptes  Uendus^  vol.  25,  1847,  pp.  444-446.  Liebig's  Annalen^ 
vol.  64,  1847,  pp.  179-185. 

PiLLiCHODY.  On  some  Physical  Properties  of  the  Alloys  of  Tin  and 
Lead.  By  G.  Pillichody.  Jour.  Chem.  Soc.,  vol.  15, 1862,  pp.  30-32. 
Polytechnisches  Centralblatt,  1862,  p.  88. 

PoLATN.  Ueber  die  FestigJceit  der  Phosphorbronze  und  ilber  deren  Anwen- 
dungen  in  der  Industrie.  On  the  strength  of  phosphor-bronze,  and  on 
its  applications  in  industry.  By  Alphons  Polain.  Dingler's  Journal^ 
1875,  vol.  217,  pip.  482-494.  Extract  from  the  Bevue  Universelle^  1874, 
vol.  35,  p.  595. 

Account  of  experiments  made  in  Belgium,  France,  and  Grermany  on  phosphor- 
bronze  as  a  material  for  guns,  and  statement  of  its  other  industrial  applica- 
tions. 

BAMMELSBEBa.  Ueber  einige  JcrystaXlisirteZinnhilUenproducie  von  Schladc- 
enwalde  und  krystallisirte  Legirungen  im  A  llgenieinen.  On  some  crystal- 
lized products  of  tin  furnaces  and  crystallized  alloys  in  general.  Pogg. 
Annalen^  vol.  120, 1863,  pp.  54-65. 

Kegnault.  Sur  les  chaleurs  spScifiques  des  corps  composes  solides  et 
liquides.  On  the  specific  heat  of  solid  and  liquid  compound  bodies. 
By  M.  Victor  Eegnault.  Ann.  de  Chim.,  vol.  1,  1841,  pp.  129-207. 
Erdmann's  Journal^  vol.  25,  1842,  pp.  129-170.  Comptes  Bendus.  vol. 
12,  1841,  pp.  56-83. 

An  extensive  investigation  on  the  specific  heat  of  compound  bodies^  including 
the  metallic  alloys. 

Benault.  Nouvelle  methode  WanMyse  quantitative  applicable  aux  differ- 
ents  alliages.  New  method  of  quantitative  analysis,  applicable  to 
different  alloys.  Bv  M.  B.  Eenaidt.  Comptes  RenduSj  vol.  60, 1865,  p. 
489.    Dingler's  Journal^  vol.  176,  1865,  pp.  371-374. 

BiCHE.  Becherches  sur  les  alliages  niitalliques.  Eesearches  on  the  me- 
tallic alloys.  By  M.  Alf.  Eiche.  Comptes  BenduSy  vol.  55,  1862,  pp. 
143-147.    Dingler's  Journal,  vol.  170,  1863,  pp.  113-114. 

Experiments  on  the  specific  gravities^  dec,  of  the  alloys  of  tin  and  lead,  lead 
and  bismuth,  antimony  and  lead,  bismuth  and  tin. 

Becherches  sur  les  alliages.    Eesearches  on  the  alloys.     Comptes 

Bendus,  vol.  67,  1868,  pp.  1138-1140. 

A  series  of  15  alloys  of  copper  and  tin  was  examined  with  reference  to  their 
density,  fusibility,  and  liquation. 

Becherches  sur  les  alliages.    Eesearches  on  the  alloys.     Comptes 


Bendus,  vol.  69,  1869,  pp.  343-346. 

Discussion  of  the  effect  of  reheating  and  shock  on  the  density  of  alloys  of 
copper  and  tin. 

Note  sur  les  bronzes  des  instruments  sonores.    Note  on  the  bronzes 


of  sonorous  instruments.     Comptes  Kendus,  vol.  69,  1869,  pp.  985,  986. 

Mentions  the  ineffectual  attempts  made  in  France  to  imitate  the  cymbals  and 
tam-tams  of  the  Chinese. 
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BiCHE.  Recherches  sur  les  alliages.  EesearcHes  on  the  alloys.  Ann.  de 
Chim.j  vol.  30,  1873,  pp.  351-419.  Dingler^s  Journal^  1874,  vol.  213, 
pp.  150-159,  342-353,  514-523,  540  •,  vol.  214,  pp.  15^-163,  243-248, 
305-312. 

An  extensive  and  valuable  research  npon  the  aHoyn,  especiallythose  of  copper 
and  tin.  with  regard  to  their  fusibility,  liquation,  and  the  modilicatidna 
which  they  undergo  under  the  influence  of  tempering,  annealing,  and  me- 
chanical operations. 

Etche  and  Champion.  Fabrication  de^  tam-tams  et  des  cymhales.  Manu- 
fiicture  of  tam-tams  and  cymbals.  By  MM.  Alf.  Biche  and  P.  Cham- 
pion.    Gomptes  Rendns^  vol.  70,  1870,  pp.  85-88. 

Describes  the  process  of  manufacture  employed  by  the  Chinese  as  seen  by  M. 
Champion  at  Shanghai. 

BoBEBTS.  The  Molecular  Arrangement  of  the  Alloy  of  Silver  and  Copper 
Employed  for  the  British  Silver  Coinage.  By  W.  C.  Boberts,  chemist 
to  the  mint.    Brit.  Assoc.  Beports,  1871,  p.  80. 

The  strips  used  for  the  coins  contained  more  silver  in  the  center  than  in  the 
external  edges  by  two  parts  in  1,000. 

On  the  Liquation,  Fusibility,  and  Density  of  Certain  Alloys  of 


Silver  and  Copper.    Proc.  Roy.  Soc.,  vol.  23, 1876,  pp.  481-495. 

Contains  an  account  of  a  valuable  set  of  experiments  on  the  melting-points  of 
a  series  of  alloys  of  silver  and  copper,  on  their  liquation  when  rapidly  or 
slowly  cooled,  and  on  their  density  when  fluid. 

BiEFFEL.  Memoire  swr  les  comhinaisons  chimiques  du  cuivre  a/cec  Petain. 
Memoir  on  the  chemical  combinations  of  copper  with  tin.  Comptes 
Rendm,  vol.  37, 1853,  pp.  450-453.  Erdmann's  ^aumalj  vol.  60, 1853, 
pp.  370-374. 

BuDBESCr.  Ueber  eine  allgemeine  Eigenschaft  der  Metalllegirungen.  On 
a  general  property  of  the  metallic  alloys.  Pogg.  Annalen,  vol.  18, 
1830,  pp.  240-249. 

Ueber  die  Wiirmemengen  in  Metallgemischen.    On  tlie  quantities 

of  heat  in  metallic  compounds.  Pogg.  AnnaleUj  vol.  71,  1847,  pp. 
460-463.    Liebig's  Annalen^  vol.  64,  1847,  pp.  183, 184. 

Semrad  and  Sterbenz.  Applications  of  Phosphor-Bronze.  By  G. 
Semrad  and  J.  Sterbenz.  Deutsclie  Industriezeit^  1874,  p.  323.  Wag- 
ner's Jahresbericht.  1874,  pp.  149, 150. 

SCHUBABTH.  SchuDarth's  Repertorium  der  technischen  Literatur,  A 
list  of  scientific  papers  published  between  the  years  1823  and  1853. 
Contains,  under  the  head  of  MetalUegirungen,  a  list  of  more  than  a 
hundred  papers  having  reference  to  the  alloys. 

Sharman.  White  Metal.  Scientific  American,  vol.  14, 1858,  p.  25.  Im- 
proved metallic  compound,  applicable  to  the  manufacture  of  various 
useful  and  ornamental  articles.  British  patent,  1857,  October  13,  No. 
2621. 

Tin,  16 ;  lead,  3  or  4 ;  zinc,  5.    Said  to  be  cheaper  than  most  white  metal. 

Smith.  On  the  Liquation  of  Alloys  of  Silver  and  Copper.  By  Col.  J. 
T.  Smith,  Madras  Engineers,  F.  E.  S.  Proc.  Eoy.  Soc.,  vol.  23, 1875, 
pp.  433-435. 

Obsem^ations  made  at  the  Indian  mints  on  the  causes  which  influence  the 
liquation  of  the  coin  alloys  of  silver  and  Copper. 
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Stodabt  and  Fabaday.  Experiments  on  the  Alloys  of  Steel,  made 
with  a  view  to  its  Improvement.  By  J.  Stodart,  F.  R.  S.,  and  M.  Far- 
aday. Quart.  Jour.  Sci.,  vol.  9,  1820,  pp.  319-330.  Ann,  de  Ghim.y 
vol.  16, 1820,  pp.  127-144. 

On  the  Alloys  of  Steel.    Phil.  Trans..  1822,  pp.  253-270.    Ann. 

de  Chim.,  vol.  21,  1822,  pp.  62-74,  DingWs  Journal,  vol.  8,  1822,  p. 
252. 

Stover.  On  the  Alloys  of  Copper  and  Zinc.  By  Frank  H.  Stover. 
Chemical  News,  vol.  2, 1860,  pp.  303-305 ;  vol.  3, 1861,  pp.  22-24, 37-^8, 
51-53,  70-72, 149-151, 164-166,  Memoirs  of  the  American  Academy, 
vol.  8, 1863,  pp.  27-56.    Erdmann^s  Journal,  vol.  72, 1861,  pp.  239-242. 

Experiments  on  the  crystallization  of  the  alloys  of  copper  and  zinc.  Stover 
concludes  that  all  the  alloys  of  copper  and  zinc  are  simply  isomorphons  mix- 
tures of  the  two  metals. 

Thomson.  Analysis  ofa  Chinese  Gong.  Bv  Thomas  Thomson.  Thom- 
son's Ann.  Phil.,  vol.  2,  1813,  pp.  208-2io.  Ann.  de  Chim.,  voL  87, 
1814,  pp.  46-63. 

Copper,  80.427 ;  tin,  19.573.    Semarkable  for  its  high  specific  gravity — 8.953. 

On-  the  Melting  Points  of  Alloys  of  Lead,  Tin,  Bismuth,  and 

Zinc.    Glasgow  Phil.  Soc.  Proc.,  vol.  1, 1841-'44,  pp.  77-82. 

TissiEB.  Note  sur  les  alliages  Wcbiuminium.  Note  on  the  alloys  of 
aluminum.  By  Chas.  and  Alex.  Tissier.  Comptea  Eendua,  vol.  43, 
1856,  pp.  885, 886.  Erdmann's  Journal,  vol.  69, 1856,  p.  381.  Dingler's 
Journal,  vol.  143,  1857,  pp.  42-45. 

Ueber  Metalllegirungen  mit  hesonderer  BerilcJcm^^htigung  des  Alu- 

miniums.  On  metallic  alloys,  with  special  reference  to  those  of  alu- 
minum. Bingler's  Journal,  vol.  166,  1862,  p.  427.  From  the  Tech- 
nohgiste,  April,  1862,  p.  348. 

ToucAS.  Silberaehnliche  Legirung,  Alloy  resembling  silver.  Dingler's 
Journal,  vol.  143, 1857,  p.  157.  British  patent,  1856,  February  22,  No. 
459. 

Alloy  of  4  part«  copper,  5  tin,  1  each  lead,  zinc,  and  antimony. 

Tboost  and  Hautefeuille.  8ur  lea  aUiages  de  VHydrogene  avec  les 
Metaux,  On  the  alloys  of  hydrogen  Mrith  the  metals.  By  MM.  L. 
Troost  and  P.  Hautefeuille.  Ann,  de  Chim.,  vol  2, 1874,  pp.  273-288. 
Coniptes  Rendus,  vol.  78,  1874,  pp.  807-811. 

Describes  alloys  of  hydrogen  with  sodium,  potassium,  and  palladium. 

Ure.  lire's  Dictionary  of  Arts,  Mines,  and  Manufactures.  Vol.  1,  articles 
on  alloys,  brass,  bronze,  &c. 

UcHATius.  Eeport  of  experiments  made  by  General  Uchatius  for  the 
Austrian  Government  on  hardening  bronze  for  cannon.  Translated 
into  English,  and  communicated  to  the  Ordnance  Department  of  the 
United  States,  by  Col.  T.  T.  S.  Laidley,  U.  S.  A.  PubUshed  as  "  Ord- 
nance Notes  No.  XL,  Washington,  D.  C,  1875." 

Extraordinary  hardening  and  increase  of  strength  of  bronze  guns  were  pro- 
duced by  driving  mandrels  or  pings  into  the  bore.  Some  specimens  of  hard- 
ened bronze  had  a  tensile  strength  of  70,000  pounds  per  square  inch. 

VooEL.  Legirung  zu  Compositions  feilen.  Alloy  for  composition  files. 
Dingler's  Journal,  vol.  159, 1861.  pp.  211,  212. 

A  new  Alloy  of  Copper  and  Aluminum  for  Journal  Brasses.  Scien- 
tific American,  vol.  4, 1861,  p.  311. 

Von  Hauer.  ueber  die  leicht  schmehsbaren  Kadmium-Legirungen,  On 
the  easily  fusible  cadmium  alloys.  By  Carl  Bitter  von  Hauer.  Ding- 
ler's  Journal,  vol.  176, 1865,  p.  371.  Erdmann's  Journal,  vol.  94, 1865, 
pp.  436-439.    Phil.  Mag.,  vol.  30, 1865,  pp.  447-448. 
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ViaoUBOUX.  Weisse  nicht  oxydirbare  MetalUegirung  fur  Fasshahne, 
White,  uuoxidizable  alloy  for  faucets.  Dingler's  Journal^  vol.  178, 
1865,  p.  242. 

Contains  tin,  antimony,  and  nickel. 

Wade.  Reports  on  Experiments  on  Metals  for  Cannon.  By  officers  of 
the  Ordnance  Department,  United  States  Army.  1  vol.,  Philadelphia, 
1856. 

Contains  a  valuable  report  by  Majpr  Wade,  U.  8.  A.,  on  the  properties  of  bronze 
for  cannon,  with  description  of  the  testing  apparatus  used,  effects  of  sudden 
cooling,  separation  of  the  metals,  and  discussion  of  results. 

Wattes.  Watt's  Dictionary  of  Chemistry  Vol.  3,  pp.  942-946.  Articles 
on  metals  and  alloys.    See  also  under  heads  of  the  different  metals. 

Weidemann  and  Franz.  Ueher  die  Wdrme-Leittings/dhigkeit  der  Me- 
talle.  On  the  heat  conductivity  of  metals.  By  G.  H.  Weidemann 
and  Rudolph  Franz.  Pogg.  Annalen^  vol.  89,  1853,  pp.  497-531. 
Phil.  Mag.,  vol.  7,  1854,  pp.  33-r39. 

Weidemann.  JJeber  die  Leittmgsfahigkeit  einiger  Legirwngen  fur  Wdrme 
und  Ulektriciidt  On  the  conductivity  of  some  alloys  for  heat  and 
electricitv.  By  G.  Weidemann.  Pogg.  Annalefiy  vol,  108, 1859,  pp. 
393-407.    Phii.  Mag.,  vol.  19,  1860,  pp.  243,  244. 

The  order  of  conductivity  of  the  metals  was  found  to  be  the  same  for  heat  as 
for  electricity. 

Weissenborn.  Weissenbom's  American  Locomotive  Engineering  con- 
tains table  of  useful  alloys  of  copper,  including  those  used  in  locomo- 
tives. 

Wertheim.  De  V4lasticiU  et  de  la  tenacity  des  alliages.  On  the  elas- 
ticity and  tenacity  of  alloys.  By  M.  6.  Wertheim.  Comptes  Rendus, 
vol.  15,  1842,  p.  110;  vol.  16,  1845,  pp.  998-1000. 

Experiments  ujpon  54  binary  and  9  ternary  alloys,  "with  a  view  to  determine 
whether  their  elasticity  and  tenacity  followed  any  general  laws. 

WoHLER  and  Michel.  Ueber  krystallisirte  Verbindungen  van  Alumi- 
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RESEARCHES  ON  THE  ELASTICITY  AND  TENACITY  OF  THE 

ALLOYS. 

By  M.  G.  Wertheim.* 

In  the  nixmerous  researches  which  have  been  undertaken  on  the  me- 
chanical properties  of  matter,  the  experimenters  have  for  the  most  part 
only  confirmed  the  laws  which  analysis  had  already  made  known,  or 
examined  the  substances  which  are  used  in  construction.  Thus,  while 
on  the  one  hand  the  laws  which  govern  slight  changes  of  form  and  vibra- 
tions may  be  considered  as  perfectly  well  understood,  and  on  the  other 
hand,  iron,  steel,  wood,  and  stone  have  been  carefully  studied,  the  me- 
chanical properties  of  bodies  in  general,  and  the  laws  which  control  the 
displacement  of  their  molecules,  when  this  displacement  is  no  longer 
very  slight  compared  to  the  distances  which  separate  them,  have  b^n 
almost  wholly  neglected.  , 

The  constancy  or  the  variability  of  the  coefficient  of  elasticity  in  the 
same  substance  under  different  circumstances,  the  changes  that  me- 
chanical treatment,  annealing,  and  elevation  of  temperature  can  pro- 
duce, the  relation  between  the  theoretical  and  the  actual  rapidity  of  the 
sound,  the  laws'of  permanent  displacements,  and  the  difierent  positions 
of  equilibrium,  the  existence  of  a  certain  limit  of  elasticity  and  of  a  max- 
imum elongation,  and  finally  the  numerical  values  of  all  these  quantities, 
and  their  relations  to  the  chemical  nature  of  the  material,!  offer  so  many 
questions  which  have  not  as  yet  been  discussed  by  philosophers,  or  which 
have  been  solved  in  different  ways.  In  this,  the  first  memoir  which  I 
have  the  honor  to  submit  to  the  judgment  of  the  academy,  I  discuss  only 
the  simple  metals.  In  a  short  recapitulation  of  work  already  accom- 
plished I  will  mention  first  the  experiments  on  the  constancy  of  the  co- 
efficient of  elasticity. 

Coulomb  and  Lagerhjelm  have  found  the  same  coefficient  of  elasticity 
for  iron  and  steel  of  the  same  sample,  whatever  the  mechanical  treat- 
ment to  which  they  were  subjected ;  M.  Poncelet,  on  the  contrary,  rely- 
ing on  the  uniformity  of  knows  results,  does  not  admit  this  constancy 
even  for  iron.  The  other  metals  have  not  yet  been  studied  in  this  re- 
spect. M.  Gerstner  concludes  from  his  experiments  on  steel  bars,  that 
the  coefficients  of  elasticity  remain  the  same  in  the  different  positions  of 
equilibrium  of  the  bar. 

Passing  over  the  differences  which  may  be  exhibited  in  the  same  metal 


•  Compt«s  Rendne,  vol.  15,  1842,  p.  110. 

t  Some  months  after  the  deposition  of  my  packet,  M.  Maason  presented  to  the  academy 
a  paper  in  "which  he  seeks  to  establish  by  his  own  experiments  on  iron,  copper,  and 
zinc,  and  by  the  experiments  of  Chladni  on  tin  and  silver,  the  following  law :  Multi- 
plying the  coefficients  of  elasticity  of  the  simple  bodias  by  a  multiple  or  snbmultiple 
of  their  equivalents,  a  constant  number  is  obtained.  M.  Masson  himself  attributes 
this  fact  only  ti)  accident  (Avnalea  de  Chimie  et  dt  Phifitiquej  3  s^rie,  t.  iii).  I  have 
not  therefore  ccmsidered  it  nocessaiy  to  repeat  the  above.  It  will  be  understood,  further, 
that  a  certain  agreement  can  always  be  obtained  by  choosing  arbitrarily  the  whole 
numbers  by  which  the  atomic  weights  must  be  multiplied  or  divided. 
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on  account  of  the  variations  in  its  density  or  because  of  its  impurity,  the 
coeflicients  of  elasticity  have  been  determined  for  lead,  zinc,  silver,  plati- 
num, copper,  iron,  and  steel,  by  Coulomb,  Barlow,  Tredgold,  Young,  Ren- 
nie,  Duleau,  Navier,  Lagerhjelm,  Leslie,  Gerstner^  Sequin,  Martin,  Savart, 
Weber,  Ardant,  and  by  the  royal  commission  of  Hanover. 

Chladni  took  the  rapidity  of  sound  on  iron,  copper,  silver,  and  tin,  and 
Savart  on  iron,  steel,  and  copper.  M.  Masson  made  known  the  rapidities 
in  zinc  and  lead. 

These  results  form  almost  the  whole  of  our  experimenttil  knowledge  of 
elasticity  in  an  ordinary  temperature ;  the  variations  in  elasticity  caused 
by  the  elevation  of  the  temi)erature  have  not  yet  been  investigated. 

The  researches  on  the  cohesion  of  the  metals  are  much  more  numerous, 
but  from  their  nature  also  less  apt  to  give  concordant  results.  It  would 
take  too  long  to  repeat  them  here.  I  will  only  say  further,  that  the  in- 
fluence of  annealing  on  cohesion  has  been  investigated  by  MM.  Dufour, 
Baudrimont,  and  Karmar8ch,and  that  of  Elevation  of  temperature  upon 
the  cohesion  of  iron  by  MM.  Tredgold,  Lagerhjelm,  Tr^mery,  Poirier,  and 
Dufour.  Finally,  MM.  Minard  and  Desormes  have  made  known  the 
diminution  of  cohesion  produced  by  heat  in  lead,  tin,  and  copper.  My 
experiments  have  beeii  on  the  homogeneous  metals  which  I  have  myself 
reduced  or  analyzed,  when  it  wa«  impossible  to  obtain  them  perfectly 
pure;  these  were  lead,  tin,  cadmium,  gold,  silkier,  zinc,  platinum,  copper, 
iron,  and  steel.  Each  metal  was  $rst  melted,  when  possible,  then  rolled 
and  drawn,  and  finally  annealed.  In  each  of  these  conditions  its  density 
was  noted ;  then  I  determined  its  coefficient  of  elasticity  and  the  rapidity 
of  sound,  by  means  of  three  different  methods:  by  transverse  vibrations, 
by  longitudinal  vibrations,  and  by  elongation. 

The  number  of  transverse  vibrations  per  second  was  determined  by 
the  metliod  of  sketching  the  vibrations,  original  with  M.  Duhamel.  A 
little  elastic  bent  wire  attached  to  the  top  of  the  rod  under  examination 
left  an  impression  upon  a  disk  coated  with  lampblack.  Having  failed  to 
give  this  disk  a  uniform  rate  of  motion,  I  determined  the  length  of  the 
vibrations  by  comparing  the  vibrations  of  the  rod  with  those  of  a  standard 
fork  made  by  M.  Marloye,  and  making  exactly  256  vibrations  per  sec- 
ond; the  time  was  thus  determined  within  at  le.ast  ^^^^  of  a  se<3ond. 

The  number  of  longitudinal  vibrations  was  determuied  by  means  of  a 
differential  sonometer  consonant  with  the  same  fork.  I  satisfied  myself 
as  to  the  exactitude  of  estimates  by  calculating  directly  the  longitudinal 
\ibrations  drawn  by  two  rods  of  two  meters  length.  The  difference  was 
only  between  three  and  seven  vibrations  in  a  thousand.  Finally,  these 
rods  and  bars  were  submitted  to  the  action  of  successively  increasing 
loads  in  an  apparatus  which  allowed  of  even  quite  heavy  loads  being  put 
on  or  ta>ken  oft'  with  facility  and  without  jar. 

The  tota»l  elongations  (sets)  were  of  two  kinds,  one  w^hich  diss^ppeajrs 
with  the  removal  of  the  charge,  and  another  which  is  permanent  Each 
of  these  two  parts  was  measured  separately,  by  means  of  ^  cathetometer 
measuring  hundredths  of  a  millimeter.  Thus,  not  only  the  coefficient  of 
elasticity  was  determined  anew  in  each  position  of  equilibrium  that  the 
rod  attained,  but  also  all  that  relates  to  the  limit  of  elasticity,  to  the 
maximum  of  elongation,  and  to  cohesion,  was  studied  at  the  same  time. 
After  rupture,  the  density  and  elasticity  of  the  fragments  were  examined 
anew,  and,  finally,  all  the  experiments  in  elongation  were  rei)eated  at  the 
temperatures  of  lOOo  and  200^  C.  These,  then,  are  the  conclusions  that 
may  be  drawn  from  these  experiments. 

1st.  The  coefficient  of  ehusticity  is  not  constant  for  the  same  metal ; 
whatever  augments  the  density  increases  it,  and  reciprocally. 
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2d.  The  longitudinal  and  transverse  vibrations  evidently  give  the 
same  coefficient  of  elasticity. 

3d.  The  vibrations  give  coefficients  of  elasticity  much  greater  than 
those  obtained  by  elongation.  This  difference  is  due  to  the  accelera- 
tion of  movement  produced  by  liberated  heat« 

4th.  Consequently,  sound  in  solid  bodies  is  due  to  waves  and  conden- 
sation, and  we  may  be  able  by  means  of  the  formula  given  by  M.  Du- 
hamel  to  make  use  of  the  relation  between  actual  and  theoretical  speeds 
of  sound,  to  find  out  the  relation  of  specific  heat  under  constant  pres- 
sure to  that  at  constant  volume.  This  ratio  is  greater  for  annealed  than 
for  non-annealed  metals. 

6th.  The  coeflftcient  of  elasticity  diminishes  with  the  elevation  of  the 
temperature  at  a  more  rapid  rate  than  that  which  is  due  to  the  corre- 
sponding dilation. 

*6th.  Magnetization  does  not  sensibly  change  the  elasticity  of  iron. 

7th.  The  elongation  of  rods  and  bars  by  the  application  of  loads 
affects  their  densities  very  slightly.  The  coefficient  of  elasticity  should 
therefore  vary  as  little  in  the  different  positions  of  equilibrium ;  and 
this  is  in  fact  what  takes  place,  in  so  far  as  the  loads  do  not  become 
great  enough  to  produce  rupture.  The  law  of  Gferstner  is  therefore 
confirmed  by  all  the  metals  of  which  the  particles  take  a  x>08ition  of 
equilibrium  after  havingipassed  their  limit  of  elasticity. 

8th.  The  permanent  alloys  are  not  found  intermittently,  but  in  a  con- 
tinuous manner.  By  suitably  limiting  the  load  and  its  duration  of 
action,  such  permanent  elongation  as  may  be  desired  can  be  produced. 

9th.  Ko  true  limit  of  elasticity  exists ;  and  if  no  permanent  elonga- 
tion is  observed  for  the  first  loads,  it  must  be  because  they  have  not 
been  allowed  time  to  act,  and  because  the  rod  submitted  to  the  ex]>eri- 
ment  is  too  short  relatively  to  the  delicacy  of  the  measuring  instru- 
ment. 

The  values  of  maximum  elongation  and  of  cohesion  also  dei)end  much 
on  the  manner  of  operation.  They  become  greater  the  more  slowly  the 
loads  are  increased.  It  may  be  seen  from  this  how  arbitrary  is  the  de- 
termination of  least  and  of  greatest  permauent  elongation,  and  that  we 
cannot,  with*  Lagerhjebu,  found  a  law  upon  their  values. 

10th.  The  resistance  to  ruptiure  is  considerably  diminished  by  anneal- 
ing. -The  elevation  of  the  temperature  even  to  20(P  C.  does  not  greatly 
diminish  the  cohesion  of  metals  previously  annealed. 

After  this  purely  experimental  part,  I  sought  to  discover  a  relation 
between  the  coefficient  of  elasticity,  which  is  the  only  truly  scientific 
mechanical  datum,  and  the  molecular  constitution  for  comparing  the 
result  of  calculation  with  those  of  experiment. 

M.  Poisson  has  been  led  to  the  following  expression  of  the  coefficient 
of  elasticity: 

r=x 

in  which  a  is  the  mean  distance  of  the  molecules,  r  the  radius  of  action 
of  the  molelule,  the  function /r  giving  the  result  of  simultaneous  action 
of  the  attractive  molecular  force  and  of  the  repidsion  due  to  heat. 

To  find  a  I  assume  that  the  weight  of  each  molecule  is  expressed  by 
its  atomic  weight.    We  know  that  this  hypothesis  is  probable  from  the 
researches  of  MM.  Dulong  and  Petit,  Avogrado,  Begnault,  and  Baudri- , 
mont,  on  specific  heat. 
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Tbe  relative  number  of  atoms  contained  in  the  same  volume  is  then 
obtained  by  dividing  the  specific  weight  by  the  atomic  weight ;  the  re- 
ciprocal of  the  cube  root  of  this  number  is  the  measure  of  the  distance 
of  the  molecules  for  each  metal  in  its  different  conditions — ^that  is  to 
say,  the  value  of  a. 

There  remains,  then,  in  the  formula  to  be  determined,  only  the  func- 
tions/r  which  we  may  attempt  to  deduce. 

The  following  ai^e  the  results  of  this  formula : 

Ist.  q  should  become  greater  when  a  diminishes,  and  reciprocally.  It 
may  be  seen  in  the  fourth  table  of  my  memoir  that  this  really  takes 
place,  but  the  condensations  and  dilatations  that  we  can  produce  by 
these  mechanical  means  are  too  slight  for  us  to  determine  with  certainty 
the  relation  between  the  changes  of  a  and  g;  nevertheless,  the  product 
ga"  is  very  nearly  constant  for  the  same  metal.  With  elevation  of  tem- 
perature the  coefficient  of  elasticity  diminishes  so  rapidly  that  the  prod- 
uct qa^  is  always  less  than  at  an  ordinary  temperature;  the  ftinction/r 
should  then  include  temperature. 

2d.  The  different  metals  follow  in  the  same  order  in  proximity  of  the 
molecules,  in  their  coefficient  of  elasticity,  and  in  their  power  to  conduct 
sound  in  proportion  to  its  intensity  (this  last  is  only  approximately  known 
by  the  experiments  of  Perolle).  Platinum  only  ranks  between  copper 
and  iron  in  relation  to  the  coefficient  of  elasticity,  while  it  ranks  between 
ainc  and  copi)er  in  relation  to  the  distances  of  the  molecules. 

3d.  The  product  of  the  coefficient  of  elasticity  by  the  seventh  power 
of  the  mean  relative  distance  of  the  molecules  is  the  same  for  the  greater 
part  of  the  metals.  This  agreement  is  so  complete  that  it  can  be  exacted 
to  this  degree  of  approximation  for  lead,  cadmium,  gold,  silver,  zinc,  and 
iron ;  but  copper  gives  a  somewhat  smaller  product,  and  tin  and  plati- 
num much  higher  products,  than  the  other  metals.  K  this  agreement 
were  general,  we  might  infer  from  it  that  the  resultant  of  the  attractive 
molecular  force  and  heat  repulsion  diminishes  in  the  inverse  ratio  of  the 
fifth  i)ower  of  the  distances.  But  this  agreement  is  not  confirmed  by  all 
the  metals  experimented  upon,  pro^ingouly  that  this  resultant  diminishes 
in  fact,  as  we  assume  to  be  the  case  in  our  calculations,  much  more  rap- 
idly than  in  the  inverse  ratio  of  the  square  of  the  distances.  In  the 
letter  attached  to  this  memoir  the  author  requests  the  opening  of  a  sealed 
packet  dated  July  19, 1841.  This  packet,  opened  on  the  spot,  contained 
the  following  note:  "  Sealed  packet  addressed  by  M.  Wertheim  in  1841, 
accei)ted  by  the  academy  at  the  session  of  July  9." 

Philosophers  generally  admit  that  atomic  weights  represent  the  true 
weight  of  the  molecules,  and  that  the  diameters  of  the  molecules  are 
variable  in  their  ratio  to  the  distances  which  separate  them.  We  can 
then  obtain  the  number  of  molecules  of  the  different  simple  bodies  con- 
tained in  the  unit  of  volume  by  dividing  their  specific  weights  by  their 
atomic  weights;  as  to  composite  bodies,  this  same  reasoning  will  lead  to 
a  knowledge  of  their  molecular  arrangement.  Now  the  attractive  force 
should  necessarily  be  a  function  of  the  distance,  a  function  that  experi- 
ment alone  can  make  known,  and  which  leads  to  the  knowledge  of  the 
laws  of  cohesion,  of  elasticity,  and  of  the  rapidity  of  sound. 

The  comparison  contained  in  the  following  table,  which  I  communi- 
cated to  M.  d'Estinghausen,  at  Vienna,  four  years  sincC,  shows  the 
intimate  relation  of  these  different  quantities.  The  first  column  contains 
the  specific  weights  of  the  melted  metals;  the  second  the  atomic  weights, 
calling  the  atomic  weight  of  oxygen  =  1 ;  the  third  column  contains  the 
number  of  atoms  in  the  unit  of  volume. 
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The  atomic  weights  are  those  of  M.  Berz61ius,  except  that  of  silver, 
which  is  redue^ed  one-half,,confonnably  to  the  researches  of  MM.  Dulong 
and  Petit,  and  of  M.  Eegnault,  on  specific  heat. 


• 

8. 

A. 

S.A. 

Resiatanoe  to  mp- 
taro  per  millime- 
ter. 

Coefficient  of  elasticity, 
Tredgold. 

a 

a 

\ 

By  extension 
after  Guyt* 
Morveaa. 

Mi 

Rapidity    of 

Lead 

11. 352 
7.885 

19.258 

10. 542 
6.881 

81.530 
a850 
7.788 

.19.94498 
7.35294 

12. 43013 
6.75803 
4.0J226 

12.33499 
3.95095 
3.39205 

0.8769 
0.9907 
1. 5493 
1.5599 
1.  7015 
1.7454 
8.3365 
2.2959 

0.032 
0.063 
0.274 
0.341 
*0. 199 
0.499 
0.550 
1.000 

1.45 
6.80 

AOO 
3.200 

Tin 

7.5 

Odd 

Silver 

9  0 

Z'DC 

9.600 

Platinam.... 

CoDDer..... 

3&55 

'26.'6oo* 

12.0 

Iron.. 

17.0 

*  The  reslstanoe  of  sine  is  lower,  whioh  shoald  not  be  aocordlnj;  to  its  namber  of  atoms;  bat  this  dis- 
ascreeraent  may  reasonably  be  attributed  to  the  imparity  of  the  metal  experimentod  upon  or  to  its 
crystallized  condition. 

Kotice  further,  that  the  metals  range  as  to  their  conductibility  for  the 
intensity  of  sound,  according  to  Perolle :  lead,  tin,  gold,  silver,  copper, 
iron. 

Lastly,  the  diamond,  hardest  of  the  simple  bodies,  contains  nearly 
as  many  molecules  a«  iron ;  its  number  is  4,668  to  4,708 ;  these  numbers 
are  obtained  by  dividing  its  extreme  specific  weights,  3501-3531,  by  its 
atomic  weight,  75,  recently  determined  by  M.  Dumas. 

We  see  that  in  the  simple  bodies  which  have  been  submitted  to  experi- 
ment thus  far,  cohesion,  elasticity,  and  conductibility  of  sound,  as  much 
with  regard  to  its  quickness  as  to  its  intensity,  are  as  much  greater  as 
the  molecules  of  the  same  bodies  are  nearer  to  one  another  at  the  same 
temperature. 

But  the  experiments  are  far  from  being  sufficiently  exact  to  ser^'^e  as  a 
basis  for  calculations. '  In  fa^t  only  a  small  number  of  chemically  impure 
metals  have  been  tested  by  the  methods  of  extension  and  of  rupture, 
which  seem  to  me  better  adapted  to  researches  on  vibrations  than  to  the 
study  of  molecular  forces.  It  was  with  this  view  that  I  made  the  exper- 
iments on  vibrations  of  bars  of  chemically-pure  metals,  the  results  of 
which  I  have  the  honor  to  submit  to  the  academy. 


ON  THE  ELASTICITY  AND  TENACITY  OF  THE  ALLOYS. 

By  M.  G.  Wertheim.* 
(Abstract  by  the  author. ) 

In  a  previous  work  which  I  had  the  honor  to  present  to  the  Academy 
daring  the  session  of  July  18, 1842, 1  considered  the  mechanical  proper- 
ties of  the  simple  metals.  After  having  examined  and  compared  tlie 
diflferent  methods  of  studying  elasticity  in  relation  to  ordinary  a«  well 
as  to  high  temperatures,  I  applied  these  methods  to  the  pure  metals  and 
obtained  results  of  which  I  will  describe  only  those  which  i^erve  as  the 
basis  of  the  new  work. 

*  C<mpt4i8  Rendu8,  vol.  16,  1845,  pp,  978-1000. 

H.  Ex.  98 34 
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It  was  shown  by  these  experiments — 

1st.  That  the  coefficient  of  elasticity  is  not  constant  for  the  same  metal, 
bat  that  it  changes  with  the  density  and  in  the  same  way. 

2d.  That  the  longitudinal  and  transverse  vibrations  produce  a  coeffi- 
cient of  elasticity  a  little  greater  than  that  deduced  by  direct  elongation. 

3d.  That  exx)eriment  agrees  with  analysis  as  to  the  relation  which 
should  exist  between  the  coefficient  of  elasticity  and  the  mean  distance 
of  the  molecules ;  that  is,  whenever  in  the  same  metal  this  distance 
becomes  greater  the  coefficient  of  elasticity  diminishes,  and  reciprocally ; 
consequently  the  different  metals  form  the  same  series  whether  arranged 
according  to  their  coefficients  of  elasticity,  or  according  to  the  proximity 
of  their  molecules. 

4th.  That  the  product  of  the  coefficient  of  elasticity  by  the  seventh 
power  of  the  mean  relative  distances  of  the  molecules  is'the  same  for 
the  greater  part  of  the  metals. 

In  this  second  paper  which  I  have  the  honor  to  present  to  the  Acad- 
emy, my  object  is  to  see,  first,  if  these  laws  are  equally  applicable  to 
alloys.  Then  to  ascertain  whether  the  mechanical  properties  can  a^st 
us  to  an  understanding  of  the  arrangement  of  the  molecules  of  the  con- 
stituent metals  of  the  alloys ;  and,  finally,  to  seek  for  some  relations 
between  the  properties  of  the  alloys  and  those  of  the  constituent  metals. 

In  general,  the  alloys,  in  spite  of  their  frequent  employment  in  the 
arts,  have  not  yet  been  studied  a«  to  their  elasticity.  The  coefficients 
of  elasticity  of  two  alloys  alone,  that  of  brass  and  that  of  bell-metal, 
have  been  determined  by  Tredgold,  Sdvart,  Bevan,  and  Ardant. 

The  cohesion  of  the  alloys,  on  the  contrary,  has  been  the  object  of  a 
long  series  of  experiments,  especially  on  the  part  of  Musschembroek  and 
Karmasch,  but  yet  no  general  law  has  been  found.  The  alloys  which  I 
have  used  in  my  experiments  have  been  prepared  in  part  of  the  pure 
metals  employed  in  my  former  researches,  and  in  part  of  the  purest 
metals  of  commerce.  After  mixing  them  weU,  I  stirred  them  frequently 
while  in  fusion,  then  poured  them.  The  ductile  alloys  were  drawn,  the 
others  filed  to  the  requisite  size.  I  will  not  go  into  the  details  of  these 
experiments,  which  were  precisely  similar  to  those  made  on  simple 
metals,  but  only  say  that  I  feel  bound  to  analyze  chemically  all  the 
alloys,  although  I  might  have,  for  the  most  part,  mixed  the  metals  by 
atomic  weights,  or  the  simple  multiples  of  those  weights.  But  the  un- 
equal oxidization  or  the  partial  vaporization  of  a  constituent  has  often 
and  considerably  changed  the  proportions. 

When  the  alloys  were  composed  of  metals  whose  specific  weights  were 
very  different,  or  when  they  offered  inequalities  of  color  or  of  malleability, 
1  made  the  analysis  on  parts  taken  from  the  two  extremities  of  the  cast 
bar;  consequently,  with  these  analyses,  I  wa«  obliged  to  reject  a  large 
number  of  non-homogeneous  bars. 

My  experiments  were  made  upon  fifty-four  binary  alloys  and  nine 
ternary  alloys,  among  which  are  found  also  most  of  the  alloys  em|plo3'ed 
in  the  arts,  such  as  brass,  pinchbeck,  gong-metal  annealed  and  unan- 
nealed,  bronze^  packfong,  type-metal,  &c. 

These  expei  mients  gave  the  Ibllowing  i-esults : 

1st.  If  we  suppose  all  the  molecules  of  an  alloy  to  be  the  same  dis- 
tance from  one  another,  as  seems  natural,  we  find  that  the  smaller  the 
mean  distance  the  greater  is  the  coefficient  of  elasticity.  We  notice  fre- 
quently some  exceptions  in  the  series  of  alloys,  and  fiu*ther,  the  product 
qa^  which  is  almost  constant  for  simjile  metals,  varies  greatly  in  the 
alloys.  It  is  possible  that  another  hypothesis  on  the  molecular  arrange* 
ment  will  cause  this  objection  to  disappear. 
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2d.  The  coefficient  of  elasticity  of  the  alloys  agrees  sufficiently  well 
with  the  mean  of  the  coefficient  of  elasticity  of  the  constituent  metals, 
some  aUoys  of  zinc  and  copper  being  the  only  exceptions.  The  only 
condensations  and  expansions  which  occur  during  the  formation  of  the 
alloy  do  not  sensibly  affect  the  coefficient.  We  can  then  calculate  be- 
forehand what  should  be  the  composition  of  an  alloy  in  order  that  it 
may  have  a  given  elasticity,  or  that  it  may  conduct  sound  with  a  given 
rapidity,  provided  that  this  elasticity  or  this  velocity  fall  within  the 
limits  of  the  valuer  of  these  same  quantities  for  the  known  metals. 

3d.  Neither  the  tenacity,  nor  the  limit  of  elasticity,  nor  the  maximum 
elongation  of  an  alloy  can  be  determined  a  priori  by  means  of  the  same 
quantities  as  determined  for  the  metals  which  compose  them. 

4th.  The  alloys  act  like  the  simple  metals  as  to  longitudinal  and  trans- 
verse vibrations,  as  well  as  elongation. 


EESEARCHES  ON  THE  METALLIC  ALLOYS. 

By  M.  Alfred  Kiche.* 

There  is  no  study  more  generally  neglected  than  that  of  the  metallic 
alloys.  This  very  general  neglect  is  due  to  the  fact  that  the  character- 
istics upon  which  we  rely  in  determining  the  purity  of  substances  are 
usually  inapplicable  to  these  substances.  Their  melting  points,  even,  can- 
not be  determined,  either  because  decomposition  takes  place  before  they 
attain  their  high  temperature,  or  because  we  have  no  precise  means  for 
determining  such  high  temperatures. 

In  the  second  place  their  crystalline  form  is  not  a  gauge  of  their 
purity,  for  Cooke  and  Matthiessen  and  de  Bpse  have  recently  shown 
that  the  crystalline  form  of  certain  alloys  does  not  vary  even  when  IS 
per  cent,  of  one  of  the  two  metals  is  substituted  for  16  per  cent,  of  \\m 
other. 

Finally,  liquation  often  prevents  the  precise  determination  of  the 
point  at  which  the  metal  melts  and  solidifies.  This  latter  property, 
however,  enabled  M,  Eudberg  to  prove  the  existence  of  true  chemical 
combinations  among  the  numerous  alloys  of  the  two  metals^  but  it  can 
only  be  utilized  in  a  few  cases  where  the  point  to  be  determined  is  that 
of  the  melting  of  alloys  at  low  temperature.  There  is  another  charac- 
teristic of  which  we  take  advantage  in  other  cases,  especially  when  we 
wish  to  determine  the  combinations  that  water  forms  with  the  mineral 
acids ;  this  is  the  maximum  contraction. 

It  seems  to  me  that  this  should  be  a  characteristic  of  all  the  metafis, 
but  there  exist  to  my  knowledge,  at  least,  no  data  on  the  subject.  It  is 
only  known  that  certain  alloys  are  more  dense  really  than  they  are  ttie- 
oretically,  and  that  in  others,  on  the  contrary,  the  density  given  by  ex- 
periment is  less  than  the  average  density  of  the  constituent  metals. 

I.  Alloys  of  tin  and  lead. 

Density  of  the  melted  tin  employed 7. 30 

Density  of  the  melted  lead  employed 11. 364 

The  following  table,  of  which  the  first  column  contains  the  theoretical 
density  of  the  aUoys,  the  second  their  density  as  given  by  experiment, 
and  tlie  third  the  difference  between  these  two  densities,  shows  that 

*  Comjptes  MenduSj  vol.  55,  1862,  pp.  143-147. 
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there  is  Rometimes  dilatation  and  sometimes  contraction,  and  that  tlie 
maximum  of  contraction  corresponds  exactly  to  the  alloy  Sn*  Pb : 

[Tbe  elffn  —  indioatoti  diUtition ;  the  sign  +  iodicatfM  oontractinii.) 


Sd«  Pb  . 
Sd*  Pb  . 
Sn'  Pb«. 
SdS  Pb  . 
8n»  Pb«. 
Sn*  Pb  . 
Sn»  Pb». 
8c  Pb.. 
SnPh*. 
SnPb>. 


Theoretical. 

Expel  imental. 

Differenee. 

Density. 

Deosity. 

8.047 

a  046 

-0.001 

8  1143 

a  195 

-f  0.002 

a  869 

ateQis 

+o.oo« 

8.407 

a  414 

+0.007 

&569 

a565 

-f  0.003 

8.764 

a760t 

•4-0. 00» 

9.044 

9.048 

<fO.00i 

9.455 

9.45t 

-0.004 

10.115 

10. 110 

-0.005 

10.  437 

10. 419 

-a  018 

The  differences  being  slight  I  made  a  large  number  of  determinations, 
e8i)ecially  on  the  alloy  Sn'  Pb  and  those  near  it ;  it  is  for  this  reason 
that  I  took  the  density  of  the  alloys  corresponding  to  the  formulae  8n^ 
Pb*  and  Sn^  Pb». 

For  the  alloy  Sn'  Pb  alone  I  made  seventeen  determinations,  which  all 
gave  numbers  varying  between  8,417  and  8,411.  I  worked  each  time 
upon  newly  prepared  samples  in  quantities  varying  'between  45  and  75 
grammes  at  varying  temperatures. 

The  alloys  were  prepared  directly  by  melting  in  earthen  crucibles, 
stirring  carefully,  then  cooling  in  a  long  and  narrow  cast-iron  ingot 
mold  of  such  shape  that  solidification  took  place  almost  instantly,  and 
consequently  liquation  did  not  aflect  the  product  obtained. 

The  density  of  the  entire  ingot,  and  not  of  a  portion  of  it,  was  taken. 
The  hydrostatic  balance  was  employed.  The  numbers  obtained  corre- 
spond to  the  temperature  of  18o  C.  Analysis  of  the  alloy  Sn^  Pb  and  of 
the  alloys  near  it  was  afterward  made,  and  the  numbers  given  by  ex- 
periment corresponded  with  the  theoretical. 

Is  the  alloy  Sn^  Pb  a  distinct  chemical  compound  f  It  seems  to  me 
unquestionable,  for  this  is  the  point  of  saturation,  the  point  of  maximum 
(contraction,  and  this  point  corresponds  to  an  atomic  combination. 

Besides — and  it  is  for  this  reason  that  I  commenced  my  researches  on 
the  alloys  of  tin  and  lead  which  were  the  principal  subject  of  the  works 
of  M.  liudberg — this  alloy  is  the  only  chemical  comi)Ound  which  he 
admits  to  exist  between  these  two  metals.  Two  different  methods, 
then,  lead  to  the  same  conclusion : 

II.  Alloys  of  lead  and  bismuth. 

Density  of  the  lead 11.364 

Density  of  the  bismuth 9.830 


Bi«  Pb . 
BiPb.. 
BiPb«. 
Bi«Pb» 
BlPb». 
Bi«  Pb' 
BlPb*. 
BlPb». 
BiPb*. 
BiPV, 


Theoretioal. 


Denaity. 


10.099 
10.2^8 
10.536 
10.629 
10.  446 
10. 746 
10.797 
10.674 

laosa 

10.979 


Bxpeiimeatal. 


Density. 


10.333 
10.519 
10. 931 
11.038 
11.  108 
11.106 
11. 194 
11.S09 
11.8S3 
11.335 


Differenoe. 

Bemarka. 

<f  0.133 

+  0.331 

+0.395 

+0. 416 

+  a6«f0 

MAximom  oontnetioa. 

+a418 

+0.307 

+0.335 

+0.293 

+0.854 
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The  maximtim  contraction,  then,  coiTe8i>ond8  to  the  alloy  Bi  Pb',  and 
on  either  side  of  this  alloy  a  very  regular  diminution  in  contraction 
will  be  noticed.  The  differences  being  very  great  both  between  the 
theoretical  and  experimental  density,  and  between  the  density  of  each 
alloy  and  that  of  its  neighbors,  I  only  made  two  determinations  for  each 
alloy.  As  analysis  of  the  ends  and  of  the  middle  of  the  ingot  formed  by 
the  alloy  Bi  Pb^  gave  the  same  numbers,  it  seems  to  me  that  this  alloy 
should  be  considered  as  a  chemical  compound. 

M.  Rudberg  did  not  experiment  upon  this  alloy  Bi  Pb^,  which  is  of  a 
grayish-white,  and  formed  entirely  of  little  crystals.  Distilled  water 
attacks  it  with  sufficient  rapidity  to  give  birth  to  little  pearly  white 
spangles,  which  are  held  in  suspension  in  this  liquid  when  it  is  stirred. 

III.  Alloys  of  antimony  and  lead. 

Density  of  the  autimony 6.641 

Density  of  the  lead 12.364 


SVPb. 
8b»  Pb. 
Sb*  Pb. 
SbPb  . 
Sb  Pb«. 
Sb  Pb». 
Sb  Pb<. 
Sb  Pb«. 
SbPb* 
Sb  PW 
8b  PW. 
Sb  Pb» 
8b  Pb»» 
Kb  Pb" 
Sb  Pb»« 
Sb  Pb«» 
Sb  Pb>« 


7.237 

7.  .V5 

7.051 

a  271 

9.046 

9.510 

9.819 

ia040 

10.206 

10.  XiS 

10.438 

10.  521 

10.  592 

10.652 

ia702 

10. 746 

10.785 


BxperimenUl. 

Difference. 

Density. 

7.214 

-.023 

7.361 

-.024 

7.622 

-.029 

a  233 

-.038 

8.999 

-.047 

9.^2 

-.008 

9.817 

-.002 

10.040 

Nolle. 

10.211 

_ 

k005 

10. 344 

- 

-.009 

ia455 

_ 

-.017 

10.541 

- 

k020 

10. 615 

- 

-.  023 

10. 673 

. 

h02l 

ia722 

- 

h020 

10.764 

-. 

-.018 

lasoi 

- 

h.017 

Bemarks. 


Maximum  dilatation. 


Mazimnm  contraction 


The  maximum  of  contraction  corresponds  moreover  to  an  atomic  alloy 
Sb  Pb*®,  which  has  a  rather  simple  composition,  and  near  the  alloy  Sb 
Pb*  is  the  maximum  of  dilatation.  The  phenomena  are  therefore  more 
complicated  than  in  the  preceding  cases. 

These  alloys  are  crystalline.    The  alloys  near  Sb  Pb'  crystallize  in 

quite  large  scales.    The  crystals  of  the  following  are  very  fine  yet  very 

distinct : 

IV.  Alloys  of  tin  and  bismuth. 

I  have  been  able  to  make  but  one  series  of  experiments  on  pure  bis- 
muth.   I  propose  to  prepare  some  anew  in  order  to  verify'"  them. 


Theoretical. 

£xi>erimental. 

T\liL 

Remarks. 

- 

Density. 

Density- 

Llilivivuoo. 

Bi«Sn 

9.426 
9.i:)5 
a  740 
a  491 
1              a306 

a  174 
a  07.1 

7.994 

9.434 
9  145 
a  754 
a506 
a  327 
a  199 
a  097 

a  017 

h.006 

Bi  8n 

- 

-.010 
-.014 
-.015 
-.021 
-.025 
-.024 
-.003 

BiSn« 

BlSn» 

BISn« 

Bi8n» 

Maximum  contraction 

BiSn* 

BiSn» 

The  maximum  of  contraction,  therefore,  should  take  place  in  the  alloy 
Bi  Sn',  which  is  a  silvery- white  metal  formed  of  little  crystalline  grains 
commingled.  This  alloy  was  not  attacked  by  distilled  water ;  at  the 
end  of  several  hours  it  retained  its  brilliancy  and  its  silvery  luster. 
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RESEARCHES  ON  THE  ALLOYS. 
By  M.  Alfred  Riche.* 

In  this  note,  which  is  a  summary  of  a  general  research  on  the  alloys, 
I  have  to  do  only  with  the  alloys  of  copper  and  tin  with  respect  to  their 
density,  liquation,  and  fusibility. 

Density. — ^The  first  determinations  were  made  on  bars  weighing  from 
50  to  00  grammes,  but  no  great  importance  can  be  attached  to  the  results 
obtained  on  account  of  the  considerable  variations  which  exist  in  the 
texture  of  the  different  alloys,  and  for  this  reason  I  afterward  worked 
with  these  materials  reduced  to  fine  powder.  The  subjoined  table  shows 
a  new  fact  namely,  that  the  contraction  increases  quite  regularly  from 
the  alloys  very  rich  in  tin,  up  to  the  alloy  Sn  Cu*,  and  that  from  this 
point  it  suddenly  increases,  attaining  a  maximum  when  the  tin  and  cop- 
per are  in  the  relation  of  1:3.  From  this  alloy  the  density  diminishes, 
then  again  increases  quite  regularly,  but  the  density  of  the  alloys  con- 
taining most  copper  is  less  than  that  of  the  alloy  Sn  Cu',  which  contains 
only  02  per  cent,  of  copper.  Besides,  this  alloy  is  clearly  different  from 
all  the  others  in  its  characteristics ;  it  is  brittle  enough  to  be  x>ounded  in 
a  mortar,  and  is  seen  in  bluish  crystalline  grains,  which  in  no  respect 
resemble  tin  or  copper. 

DenHty  of  ike  alloy  of  copper  and  Nn. 


FormnU  of  the  Alloy. 


Bn»Cn 

BD«Ca 

Sii*Ca 

8n«Ca 

BnCa 

Sn'Ga* 

8nCu» 

SnCu* , 

SoCu* 

8nCa» 

SnCu« 

SnCa' 

SnCu* 

SnCu«» 

Sn  Ca^*,  c«inon>bronie 


Centotimal 
oompooitlon. 


{ 


Sii ... 
Cu . . . 
Sn... 
Ca... 
So  . .. 
Cu... 
Sn... 
Ca... 
So... 
Ca... 
Sn... 
Ca... 
Sn ... 
Ca... 
Sa... 
Ca... 
Sn... 
Ca... 
Sn... 
Cu... 
Sn... 
Cn... 
Sn... 
Ca ... 
Sn... 
Ca... 
Sn... 
Ca... 
Sn  ... 
Cu... 


90.97) 

.  9.73  5 

8a  16) 

.11.84  5 

.64.79) 

15.215 

.7a  79? 

81. 91  5 

.6&.01) 

.34.99  5 
.55.33) 

.44.67  5 
.4a  16) 
.51.84$ 
.3a  91  ) 
.61.79  5 
.31. 79  ) 

6a  98  5 
.97.09) 
.72. 91  5 
.93.69) 
.7a  31  5 
.90. 98  ) 

.79.09  5 
ia85) 
.81. 15  J 
.15.67) 
.84.33  5 
.11.00) 
.89.00  5 


Density 
of  the 
bars. 


7.99 
7.  SO 
7.53 
7.74 

a  19 
aao 
a57 
ao6 
aeo 
as? 
a  91 
aoo 
a86 
a83 
aso 


Density  of  the  powden. 


C7.93 

{7.39 

(7.04 

)7.58 

57.43 

{7.44 

5  7. 81 

)7.84 

57.93 

>7.87 

5aoo 

{an 

|ao7 

5a86-a84-a90 
)  a  93-a  99-a  90 
5a65-a65.... 

jaao 

5  a  73-8. 59.... 
{a5i-a65.... 

5a54 

)a77 

sa67 

)a77 

5  9.06-a09.... 

)a83 

5  a  79-0. 04.... 
>a98-a73.... 
ca97-a74.... 
{asi 


Calculated 
density. 


7.43 
7.46 
7.50 
7.58 
7.79 
7.93 
a  04 
a  91 
&39 
a40 

a  46 
a50 
a54 
aoo 
a69 


Differ. 


-4k  IS 
-0.15 
-0.06 
•H.S5 
+01 11 
+O1I3 
+0.U 
+0.10 

+a4s 
+a« 
+aw 
+as9 
+01  ao 

+0.87 

+au 


Liquation, — The  separation  of  the  alloys  into  other  alloys  at  the  mo- 
ment of  solidification  is  not  as  marked  as  that  of  the  alloys  of  silver  and 
copper.  In  order  to  show  this  characteristic,  the  material  must  be  stirred 
at  the  moment  of  solidification  in  order  to  separate  the  little  drops  of 
metal  f^om  the  crystals  already  formed. 

"" Annates  de  Cfciwiie,  vol.  30, 1873,  pp.  351-419  j  Dingler^a  Journal,  Tols.  213,  214,  ltf74. 
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The  following  results  were  obtained  on  the  last  sample  left  liquid  in 
a  mass  weighing  1,000  to  1,200  grammes : 


Formula  of  the  aUoy. 

Calcalated 
weight  of  tin. 

Weight  of  tin 
as  foancl. 

Formula  of  the  alloy. 

Calcnlated 
weight  of  tin. 

Weight  of  tin 
a«  foand. 

Sd"Co 

90.87 
84.79 
7a  79 
6Sw01 
46.49 
37.37 
31.72 

9&50 
96.99 
94.40 
83.83 
50.44 
37.39 
31.15 

SnCa* 

87.09 
83.69 
19.98 
18.85 
15.67 
11.00 

87.76 

So'Ca 

SnCu« 

85.17 

Sn'Ca 

So  Co' 

34.  t>5 

SnCu 

Sq  Cn« 

34. 6*2 

So  Cu» 

SnCn*« 

84.50 

So  Co". 

SnCu" 

14.35 

So  Co* 

i 

Consequently,  liquation  is  exhibited  by  all  the  alloys  except  Sn  Cu^ 
and  Sn  Cu\ 

Fusibility. — In  order  to  determine  the  fusibility  of  the  alloys,  I  have 
recourse  to  the  thermo-electric  couple  of  platinum  and  palladium  of  M. 
Becquerel.  This  apparatus  was  made  by  M.  Euhmkorflf.  It  may  render 
great  service  to  chemists,  and  is  already  employed  in  the  metal  foundery 
and  in  the  pottery  manufactory  5  but  instead  of  using  an  ordinary  gal- 
vanometer, I  employed  Weber's  needle,  which  is  much  more  sensitive. 

I  worked  ordinarily  on  the  preceding  alloys  and  on  the  metals  of 
which  the  points  of  fusion  and  of  ebullition  haiire  been  taken  as  fixed 
points  by  various  experimenters. 

From  the  numerous  determinations  that  I  made,  it  foUows  that  the 
solidification  of  the  alloys  Sn  Cu^  and  Sn  Cu^  took  place  at  a  tempera- 
ture intermediate  between  the  point  of  fusion  of  antimony  and  the  boil- 
ing point  of  cadmium. 

BoiUng  water  under  apressure  of  76  centimeters 24 

Solidification  of  tin '. 57 

Solidification  of  antimony 206 

Solidification  of  Sn  Cu» 247 

Solidification  of  SnCu* 265 

Ebullition  of  cadmium 335 

I  tried  this  determuiation  on  all  the  preceding  alloys,  and  will  give 
the  results  in  the  detailed  memoir ;  but  it  is  clear  that,  on  account  of 
liquation,  we  can  obtain  an  exact  result  only  with  the  alloys  Sn  Cu^  and 
Sn  Cu*,  in  which  there  is  no  sensible  liquation. 

In  a  previous  paper  I  gave  the  fusibility  and  density  of  the  bronzes, 
and  I  showed  that  the  alloy  Sn  Cu'  does  not  separate  into  other  com- 
pounds even  when  it  is  kept  melted  and  stirred  for  a  long  time.  I  stated, 
as  Calvert  and  Johnson  had  previously  shown,  that  copper  and  tin  exhibit 
maximum  contraction  in  this  alloy,  contrary  to  the  opifiion  of  other  ex- 
perimenters, who  have  maintained  that  contraction  increases  with  the 
proportion  of  tin.* 

The  errors  on  this  point  and  the  differences  which  exist  between  the 
numbers  obtained  by  Calvert  and  Johnson  and  mine  are  probably  due 
to  the  fact  that  I  worked  on  alloys  reduced  to  fine  powders,  while  the 
other  exi)erimenters,  and  probably  the  able  English  authorities  them- 
selves, made  use  of  ingot  metal.  Now,  supposing  that  they  avoided  the 
formation  of  blowholes  in  cooling,  the  texture  of  the  alloys  presents  such 
differences,  and  the  density  of  certain  bronzes  varies  so  greatly  with  the 
rapidity  of  cooling,  that  the  materials  cannot  be  compared  if  plates  or 
ingots  are  employed. 

I.  Caron,  in  his  celebrated  researches  on  steel,  has  undoubtedly  proved 
that  tempering  diminishes  the  density  of  thife  body.  It  is  said  that  the 
same  is  true  of  the  bronze  of  sonorous  instruments.t  My  experiments, 
recapitulated  in  the  following  table,  show  the  contrary. 

*  Briche,  Traits  de  Chimie  de  M,  Dumas,  t.  iii,  p.  512. 

t  Dusausfloy,  TraitS  de  Chimie  de  M.  Dumas^  t.  ili,  p.  517.  Wertheim,  Annates  de  Chim, 
et  de  Phys.f  3d  s^rie,  t.  xii,  p.  593. 
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ThCD,  tempering  and  annealiug  produce  entii-ely  different  effects  npon 
steel  and  upon  bronze ;  while  tempering  diminishes  the  density  of  the 
former,  it  increases  the  density  of  the  latter.  The  fact  is  no  more  th»D 
natural,  for  tempering  hardens  wrought  steel,  while  it  sottens  bronze. 
As  to  annealing,  it  increases  the  density  of  tempered  steel,  while  it  di- 
minishes the  density  of  tempered  bronze. 

ffunttmaaii  etal  M»ed  in  making  coin  at  ike  uinl  of  ParU. 
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n.  In  view  of  these  results,  it  will  be  interesting  to  know  whether  these 
differences  are  shown  when  tlie  materials  are  subjected  to  hammering  or 
to  the  press.  The  following  table  shows  the  variations  in  density  when 
steel  and  bronze  are  subjected  to  the  successive  action  of  blow  and  of 
heat : " 


SteeL 

Bivuc. 

L      j      IL 

Tempering,  j   AsnHllDg. 

InitUldmiily 

]-ti  i  I 

843 
854 

asa7 

B.M3 

8.M7 

P.lWO 

i 

'Theao  metaln  waru  ia  aliei'tH  voiglijng  mini  S()ta  150  );raiiiniea.  Tliuy  wiiru  ittruck 
under  a  prtuw  \T(>rkiHl  by  four  men.  The  steul  Lad  boru  annealeil.  The  hniuze  hurl 
been  tempered  iu  Honui  expcrinieiit!!  and  annealed  in  othi'rs.  The  umturinU  were  placed 
iu  the  same  Bheet-irun  caao,  suiruunded  with  coal  dust. 
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Hence,  blows  act  very  differently  on  bronze  and  on  steel.  They  con- 
siderably increase  the  density  of  the  former,  while  they  produce  scarcely 
any  sensible  difference  in  steel,  though  the  tendency  is  to  diminish  its 
density.  If  this  latter  effect  is  realized  in  all  the  conditions  of  the  blow 
for  steel,  we  may  conclude  that  the  blow  produces  in  these  two  cases 
the  same  result  as  tempering.  The  fact  is  unquestionable  for  bronze 
at  least;  and  as  in  this  case  the  action  of  heat  and  of  blows  tend  both 
in  the  same  direction,  the  density  increases  considerably;  indeed,  after 
five  temperings  the  density  increased  nearly  one-twentieth. 

We  see,  then,  how  on  the  one  hand  a  block  of  steel  subjected  to  im- 
pression in  making  coin  undergoes  thirty  and  even  sixty  annesdings 
without  being  affected ;  and  we  see  on  the  other  hand  how  all  the  at- 
tempts made  in  our  country  to  manufacture  tanitams  and  cymbals  with 
the  metal  of  the  Chinese  and  Turks  have  been  unsuccessful,  for  the  metal 
once  melted  it  was  made  red-hot  or  tempered,  and  then  worked  oold;* 
all  operations  which  contract  the  metal,  and  make  it  liable  to  fracture 
during  the  working. 

In  order  to  succ^d,  the  Oriental  method  of  working  must  be  exactly 
followed.  Kow,  we  understand  this  method  perfectly,  thanks  to  various 
travelers,  and  especially  to  M.  Champion,  of  the  Conservatoire  des  Arts 
et  MetierSj  who  describes  the  operation  in  all  its  details  in  a  work  which 
will  shortly  be  published.  This  method  is  very  reasonable.  Every  part 
of  the  work  wluch  has  for  its  object  the  thinning  of  the  cast  metal  is 
done  by  rapid  hammering  at  a  high  temperature.  The  dilatation  pro- 
duced by  heat  counterbalances  the  contraction  caused  by  the  ham- 
mering. 

III.  Copper  subjected  to  successive  tempering  and  annealing  presents 
nothing  similar.  The  density  scarcely  varies.  .  It  falls  a  little,  for  after 
seven  operations  it  was  reduced  from  8.921  to  8.781.  No  marked  differ- 
ence can  be  observed  in  the  effect  of  tempering  and  annealing.  It  is 
the  same  for  the  bronzes  containing  but  little  tin. 

If  in  making  copper  medals,  the  medal  still  red-hot  be  plunged  into 
acidulated  water,  it  is  simply  to  avoid  the  considerable  oxydization  pro- 
duced by  slow  cooling  in  contact  with  air. 

I  had  some  copper  medals  struck,  and  determined  the  density  after 
eaoh  compression  and  after  each  cooling.  I  found  that  after  six  opera- 
tions the  density  had  again  become  what  it  was  after  casting.  This 
pecuharity  and  the  softness  of  the  copper  make  this  metal  one  especially 
adapted  to  making  medals. 

Ajialyses  of  antique  medals  show  that  the  ancients  sometimes  employed 
copper  for  this  pui^pose,  but  generally  bronze,  and  that  the  proportion 
of  tin  varied  between  one  and  twenty  per  cent. 

After  having  discovered,  by  means  of  an  ingenious  apparatus  made  by 
M.  Magna,  that  bronzes  containing  two  to  four  per  cent,  of  tin  are  not 
much  harder  than  copper,  I  had  some  medals  of  copper  and  of  other  al- 
loys struck,  without  any  difference  in  the  mode  of  working.  The  differ- 
ences were  not  very  noticeable  for  medals  of  35  millimeters  and  under, 
but  became  very  marked  in  strips  of  50  and  68  centimeters. 

While  in  making  a  medal  the  copper  had  to  undergo  but  7  compres- 
sions and  7  anneaUngs,  there  were  required  10  for  bronze  of  97  of  copper 
and  3  ot  tin  ;  12  for  bronze  of  96  of  copper  and  3,5  of  tin;  13  to  14  for 
bronze  of  96  of  copper  and  4  of  tin ;  16  at  least  for  bronze  of  95  of  cop- 
per and  5  of  tin. 

•  We  read,  it  is  true,  iu  geveral  works  on  chemistry,  that  this  method  is  satisfactory. 
Oar  best  mannfactorers,  M.  Lecorate  and  M.  Gaiitrot,  assured  mo  that  uo  one  had  yet 
8ucce<^ed  in  making  tamtams  and  cymbals  with  the  metal  of  the  Orientals.  (C.  K., 
1869,  Semestre,  t.  Ixix,  No.  5. ) 
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The  introduction  of  zinc  softens  the  metal  slightly,  for  14  compressions 
were  suffcient  to  make  the'  same  medal  with  an  alloy  containing  95  cop- 
per, 4  tin,  1  zinc,  and  16  to  18  were  necessary  with  an  aUoy  containing 
94  copper,  4  tin,  and  2  zinc,  which  was  formerly  employed. 

Very  important  works  on  the  alloys  have  been  published  within  a  few 
years  by  MM.  Wertheim,  Levol,  Matthjessen,  Calvert  and  Johnson,  &c. 
Yet  we  are  far  from  understanding  satisfactorily  the  general  properties 
of  the  more  imx>ortant  classes  of  these  bodies,  such  as  bronze  and  brass, 
and  I  have  devoted  myself  to  filling  up  some  of  the  gaps  in  our  knowl- 
edge of  these  subjects.  In  this  first  pai>er  I  consider  more  especially  the 
alloys  of  copper  and  tin  with  reference  to  their  fusibility,  liquation,  and 
the  modifications  which  take  place  in  their  volume,  under  the  iiifiuences 
of  annealing,  heating,  and  mechanical  aetion.  Afterwards,  I  speak  more 
briefly  of  copper,  of  its  alloys  with  zinc,  aluminium,  nickel,  and  iron,  and 
finally  I  compare  these  bodies  with  steel,  iron,  and  glass,  with  reference 
to  the  variation  in  volume  that  tempering  and  annealing  produce  in  these 
different  substances. 

The  determination  of  the  mechanical  properties  remained  to  be  con- 
sidered. Not  having  at  my  disposal  the  necessary  ap])aratus,  I  applied 
to  M.  Tresca,  who  has  established  at  the  "  Conservatoire  des  Arts  et  Me- 
tiers ^  special  apparatus  for  this  sort  of  experiments,  and  I  shall  shortly 
publish,  in  common  with  M.  Alfred  Tresca,  the  second  part  of  this  work, 
including  the  study  of  the  mechanical  properties  of  copper,  tin,  zinc,  and 
their  principal  alloys,  prepared  in  atomic  proportions. 

§  I.— FUSIBILITY  OF  SOME  METALS  AND  ALLOYS. 

Liquation  of  bronze. 

I  have  tried  various  means  to  determine  the  fusibility  of  metals  which 
melt  at  high  temperatures,  and  it  seems  to  me  that  only  one  can  be  prac- 
tically applied  and  furnish  sufficiently  exact  results ;  this  is  the  thermo- 
electric pyrometer,  fonned  by  the  junction  of  a  wire  of  platinum  and  one 
of  palladium  (an  apparatus  proposed  in  1835  by  M.  Becquerel,  senior, 
and  carefully  considered  by  M.  Edmond  Becquerel  in  1863). 

This  instrument  allows  of  the  temperature  being  measured  by  com- 
paring the  de\'iation  produced  at  the  moment  when  the  matter  solidifies 
or  melts,  with  the  deviation  observed  in  baths  having  a  fixed  temi)erar 
ture.  This  pyrometer,  so  graduated,  may  be  of  great  service  in  chemical 
and  industrial  pursuits.  M.  Euhmkorft',  who  makes  these  instruments, 
has  introduced  them  into  the  establishments  of  the  founders  and  pottery 
manufacturers. 

The  needle  employed  in  manufactures  is  an  ordinary  one,  but  for  re- 
searches, where  precision  is  required,  it  is  necessary  to  make  use  of 
Weber's,  which  I  have  employed.  The  only  difficulty — and  it  is  a  veiy 
serious  one — ^is  in  finding  a  position  for  it  where  it  will  not  shake  or 
tremble. 

I  use  at  least  one  kilogram  of  alloy.  When  it  is  ftisible  at  a  low  tem- 
perature it  is  heated  in  a  crucible  in  which  the  porcelain  tube  contain- 
ing the  pyrometer  is  placed.  When  it  melts  at  a  high  temperature  it  is 
first  rais^  to  that  x)oint  in  a  blast-furnace,  and  the  crucible  of  molten 
metal  is  placed  in  an  ordinary  laboratory  ftimace  where  it  is  slowly 
cooled.  The  pyrometric  tube  previously  heated  is  then  introduced  into 
the  bath,  and  the  deviation  at  the  moment  of  solidification  is  noted. 

All  the  alloys  of  copper  and  tin  are  subject  to  liquation  at  the  moment 
of  solidification  save  those  of  which  the  i3omi)osition  corresi>ond8  to  the 
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formnlsB  Sn  Cu^  and  8n  Cu*.  The  liquation  is  slight  for  the  alloy  in 
which  tin  and  copper  are  in  the  relation  of  1: 15,  and  considerable  for 
the  others,  in  such  degree  that  it  is  impossible  to  determine  the  fusibility 
of  any  except  the  alloys  Sn  Cu'  and  Sn  Cu*. 

Three  series  of  experiments  have  been  made.  In  the  last  two  the  wire 
wound  around  the  bobbin  of  the  galvanometer  was  much  longer,  and  in 
one  section  ten  times  smaller  than  the  wire  which  had  been  used  in  the 
former  series. 

This  modification  in  the  apparatus  was  made  in  order  to  increase  the 
resistance  of  the  thermo-electric  circuit  without  reducing  the  sensitive- 
ness of  the  instrument,  and  to  lessen  by  this  means  the  error  which  re- 
sults from  the  variation  in  conductibility  in  the  circuit,  which  is  caused 
by  variations  of  temperature. 

Each  day,  at  the  beginning  and  at  the  close  of  the  experiments,  those 
results  only  were  considered  good  which  were  obtained  when  the  devia- 
tion was  obviously  the  same  in  these  two  experiments. 

M.  Edmond  Becquerel  was  very  desirous  of  verifying  my  principal 
results  with  my  pyrometer,  and  he  found  them  proportional  to  the  results 
obtained  by  him  for  the  same  bodies. 

Table  1. 


5 

i 

Deviations  observed. 

I. 

n. 

III. 

111 

Water  boils  ................••.....••..•.........*. 

lOOoC. 

838 

338 

3S9 

445 
t584 

584 

584 
t780 

780 

780 

780 

780 

83 

57 

80 

91 

183 

806 

847 

865 

335 

399 

t406 

448 

475 

19 

46.5 

59 

81 
104 
181. 
800 
900 
800 
3tf8 
393 
398 
435 

10.5 

84.8 

38.0 

48.5 

5».0 

95.0 

106.0 

106.0 

115.0 

807.0 

807.0 

807.0 

833.0 

1.81 

Tin  BoUdiflM 

1.98 

Lead  soHdifles 

1.64 

MflTcnrv  boilii ...-.-r- 

1.90 

SnlDbnr  boila 

1.80 

Anfltnnnv  finHriiflAa 

1.90 

AlIovSnlDu'flolidiflefl 

1.88 

Allov  Sn  Ca*  solidifles 

1.88 

Cadmlnm  boils , 

1.88 

Coin  silver  (bW)  solidiftes 

1.80 

Cannon  bronsft  solidifies 

1.89 

Gold  (809)  solidifies 

1.89 

CoDDer  solidifles 

1.86 

t  M.  Beoqnerel. 

X  Approximate  resalt. 

I  made  a  large  number  of  experiments  specially  to  determine  the  com- 
parative fusibility  of  the  alloys  of  tin  and  copper.  They  have  always 
agreed  with  Sn  Cu*,  and  especially  with  Sn  Cu',  and  have  been  very 
irregular  with  the  others.  These  latter  results  are  caused  by  the  liqua- 
tion of  the  alloys  at  the  moment  of  solidification.  In  order  to  determine 
within  what  limits  copper  and  tin  separate  from  their  alloys  I  first  pro- 
pose to  melt  them  in  an  iron  ingot  mold,  as  Levol  did  some  large 
spherical  masses,  and  analyze  the  different  parts,  but  with  one  part  the 
liquated  alloy  is  not  very  hard,  and  with  another  part  the  proceeds  of 
the  mixture  have  not  the  sharpness  of  those  resulting  £rom  the  tests  of 
the  alloys  of  gold  and  silver,  and  I  was  obliged  to  give  it  up  after  a 
number  of  unsuccessful  attempts. 

Two  series  of  experiments  have  been  made : 

Ist.  From  600  to  700  grammes  of  alloy  were  melted  in  cylindrical 
earthen  tubes  of  three  centimeters  diameter  and  sixty  centimeters  in 
height. 

The  alloy  was  kept  in  the  tube  in  a  liquid  state  for  ten  hours,  and  left 
to  cool  very  slowly  in  the  middle  of  the  hearth,  covered  with  ashes. 
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To  avoid  oxidation  the  tubes  were  inclosed  in  a  large  earthen  box 
where  they  were  separated  by  coal-dust,  and  in  each  tube  wbs  placed 
coal,  which  floated  over  the  metallic  bath.  When  the  ingot  was  cool 
the  tubes  were  broken,  and  a  portion  taken  from  the  top  and  the  bottom 
of  each  alloy  for  trial. 

2d.  From  500  to  700  grammes  of  each  alloy  were  melted  in  an  earthen 
crucible  and  stirred  constantly  with  an  earthenware  rod  until  solidifi- 
cation took  place,  so  that  the  liquid  portion  did  not  remain  viscous  in  the 
midst  of  the  solidifled  mass.  Then  the  portion  subjected  to  analysis  was 
poured  off*. 

The  following  table  shows  that  all  the  alloys  of  copper  and  of  tin  are 
subject  to  liquation,  except  those  which  correspond  to  the  formulce  Sn 
Cu^  and  Sn  Cu*,  which  explains  the  impossibility  of  determining  the 
point  of  fusion  of  any  except  these  two.  The  liquation  is  greater  in  the 
alloys  rich  in  tin  than  in  those  in  which  copper  predominates ;  for  it  is 
only  in  the  former  that  it  has  been  possible  to  observe  the  different  com- 
positions at  the  top  and  bottom  of  the  ingots  obtained  after  long  fiisiou 
followed  by  slow  cooling. 

Table  2. 


8' 

a 

d 

Composition  of  alloy. 

Qaantity  of  tin; 
per  ceot.  at  tbe 
top  and  bottom 
of  the  bar. 

Quautity  of   tin: 
per  cent*  funnd 
in  tbe  product 
last  solidified. 

Pbysioal  oharacteristica. 

1 

9 

3 

4 

5 

6 

7 

8 

9 

10 

11 

19 

13 

8-c-fin".:::«S:S} 
s»'c.{g;:.:;:j*:?i] 

8-Ca.|Ca.:..5L84J 

S°   ^°  {Sn  ....  3421  J 
Gn   r««4fCa*  ...  68.28) 

ftn   rn»5Cu«  ...  72.91) 

^"  ^°  }sn  ....  srr.oo} 

S"0-"1L"':::S!:S?:; 

an  r'„«5C«'  •••  81.15 

BotPnn.    Top. 
87.87    9^90 

83.15    7a  90 

81.81    8i.^S} 

74.97    77.40  5 

5«.U    75.83) 

From  55  to  80  > 

Assay  lost 

37.99    37.66J 
30.44    30.83 
27.15    96.78 
93.37    93.69 
91.00    91.32 
ia88    W.56 
15.18    1&18| 
15.18    15.18 

9a50| 
96.99 
94.40 
82.83 

40.52^ 

•37. 37  ) 
t37.30  5 

30.91 
97. 76  J 
95.17 
91.85 

94.60 

20.06) 
94.50:: 

13.10 

Tin  eray;  sofl^  Uke  that  metal;  non^crja- 
talline. 

Tin  gray ;  crystallises  when  cooled  slowly. 
Tin  gray;  crystallised ;  quite  bard. 

Whitish  gray;  crystallised;  brittle. 

Bluish  gray;  like    sine;   very  crystalline; 
very  brittle. 

Fine-grained ;  can  be  pounded  in  a  mortar. 

White;  foliated:  fragile  as  glass. 

White,  with  yellowish  reflections;  crystal* 
line ;  very  hard. 

Yellowish ;  fine-grained;  very  hard;  malle- 
able to  dark  red. 

Physioil  properties  like  tbe  preceding. 
Physical  properties  like  the  preceding  two. 
Yellow;  extremely  tenaoioas. 
Cannon  bronze. 

*  Before  fusion. 


i  After  4  fusions  in  air. 


§  11.  DENSITY  OF  THE  ALLOYS  OF  COPPER  AND  TIN. 

My  first  experiments  were  made  on  bars  of  different  aUoys,  but  it 
should  be  remarked  that  even  supposing  it  were  possible  to  avoid  all 
blowholes  in  the  cooling,  it  is  impossible  to  obtain  comparable  results 
because  of  variations  in  the  texture  of  the  bronzes.  Some  are  not  crys- 
talline, others  have  a  very  fine  grain,  and  some  are  in  large,  thin,  tabu- 
lar crystals.  The  bars  on  which  I  experimented  in  the  former  assays 
weighed  between  sixty  and  seventy  grammes.    They  were  melted  in  tiie 
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game  mold.  In  the  second  series  of  experiments,  filings  were  taken 
from  top  and  bottom  of  the  ingots  which  had  been  used  in  the  preceding 
trials,  in  order  to  make  two  comparable  assays  for  every  alloy.  These 
filings  were  made  with  a  new  file,  and  were  afterwards  submitted  to  the 
action  of  a  magnet  in  order  to  separate  the  particles  of  iron  that  might 
have  been  detached  from  the  file.  The  density  was  estimated  in  this 
latter  case  by  a  hydrometer.  In  one  case  the  filings  being  placed  in  this 
vessel,  the  water  was  raised  to  the  boiling  point,  and  then  it  was  kept 
several  hours  in  vacuum. 
The  following  table  recapitulates  these  determinations  : 

Table  3. 


Formala  of  the  alloy. 


Sn>  Ca . 
8n*  On . 
Bb>  On . 
Sn'  Ca ., 
SnCo.. 
Sn«  Cti» 
Sn  Ca* . 
Sd  Ca». 
Sn  Ca« . 
Sn  Ca* . 
SnCa*  . 
SnCa' . 
Sn  Cn* . 
SnCa>o 
Sn  Cn»» 


Centealm*!      ^"J°»Jf 
compoeitlon.       ,,^ 


<Sn. 
{Uu, 
CSn. 
\Ca. 
(Sn. 
)Cu. 
<Sn. 
{Cu. 
(Sq. 
{  Ca , 
CSo. 
jOa. 
(Sq. 
{Ca 
(Sn. 
{Ca 
(Sn. 
HJa 
(Sn 
JCa 
(So. 
>Ca 
(Sn. 
{Ca 
(Sn 
{Cu 
(So 
{Cu 
Sn 
Ca 


).37? 
J.73  5 


..00, 

..8&1C 

..11.84$ 

..84.79* 

.15.  SI  5 

.78.79) 

..31.31  > 

..65.01 

..:m.99 


Density  of  the  filings. 


.55.3:0 
.44.67  S 
.48.16); 
.51.845; 


} 


{ 


.38.21  ) 

,.61,79  5 
.31.73 
..6«».28 
,  37. 09  ) 

.72.915 
.33  69) 

.76.315 
.20.  9H  ) 
..79.025 
..1&85) 
..81.15S 
.15.67) 
.  .84. 33  5 
..11.00) 
.89.00  5 


7.52 
7.50 
7.53 
7.74 
8.13 
&30 
&57 
&96 

aeo 
a87 
a  91 
a  90 
a  86 
a83 
aso 


7.83 

7.32 

7.04 

7.58 

7.43 

7.44 

7.  .35 

7.84 

7.93 

7.87 

aoo 

ail 

ao7 

a23 

a  86-8.  84-8. 99 

a  93-a  92-a  90 

a6i-a85 

aeo 

8.73-8.59 

a5i-a65 

aT7-a85 

a54 

a67 

a77 

9.06-8.63 

a83 

a  73-9.  04 

a98-a73 

a97-a74 

a8i 


1 7, 88.. 
1 7. 31.. 
1 7. 44.. 
1 7. 59.. 
J7.9O.. 
i  a  06. . 

}ai5.. 
I  a  91.. 
|a75.. 
|a62.. 
|a72.. 
|a78.. 
|a84.. 
Ja87.. 
|a84.. 


CalcnUted 
density. 

7.43 

7.46 

7.50 

7.58 

7.79 

7.93 

a  04 

asi 

a  38 

a  40 

a  46 

a50 

a  54 

aeo 

a69 

Differ- 
enoe. 


-0.15 
-0.15 
-0.06 
-f0.0l 
-H).1I 
+0.13 
+0.11 
+0.70 
+0.43 
-M).28 
H-0.26 
+0.88 
+0.30 
+0.37 
+0.15 


It  was  my  intention  to  bring  these  densities  back  again  to  zero,  but 
the  uncertainty  which  prevails  as  to  the  value  of  the  coefiicients  of  dila- 
tation of  the  metals,  and  the  differences  that  they  present  according  to 
the  condition  in  which  the  metal  is  found,  either  free  or  combined,  have 
led  me  to  give  the  numbers  which  have  been  deduced  by  experiment. 

These  results  verify  the  known  fact  that  copper  and  tin  contract  in 
uniting.  Still,  when  the  proportion  of  tin  is  very  great,  the  reverse 
seems  to  take  place,  but  the  difference  is  very  slight.  It  is  an  undoubted 
fact  that  the  contraction  is  very  slight  and  regular  up  to  the  alloy  Sn 
Cu*  5  that  from  this  point  it  increases  suddenly  till  it  reaches  a  maxi- 
mum, when  the  copper  and  tin  are  in  the  relation  of  3  to  1.  The  exist- 
ence of  this  maximum  of  contraction  had  been  previously  announced  by 
Calvert  and  Johnson,*  contrary  to  the  opinion  of  other  experimenters 
who  had  maintained  that  the  contraction  increases  with  the  proi>ortion 
of  tin.t 

The  errors  on  this  point,  and  the  differences  which  exist  between  cer- 
tain numbers  of  Calvert  and  Johnson,  are  explained  by  §§  IV  and  V, 

*  Calvert  and  Johnson,  Jfont^eiir  Sdentifique  t.  iv,  p.  225,  1862. 
t  Briehe^  TraitSde  Chimie  appliquee  aux  Arts^  Dumas,  t.  iii,  p.  517. 
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and  by  tlie  fact  that  former  experimenters,  and  the  able  English  chem- 
ists themselves,  worked  upon  ingots  and  not  upon  filings. 

To  begin  with  the  alloy  Sn  Ou^,  the  density  first  diminishes  and  then 
increases  quite  regularly ;  but  the  density  of  the  alloys  richer  in  copper, 
as  cannon  bronze,  is  inferior  to  that  of  the  alloy  Sn  Ca^,  which,  how- 
ever, contains  only  61.79  per  cent,  of  copper.  The  curve  shown  in  the 
following  table  gives  an  idea  of  these  variations  in  density : 

Table  4. 


■'■'»'''»       i       '»''''       ' 


Cur\'e  representing  the  comparative  densities  of  the  alloys  of 

cop})er  and  tin. 

It  will  be  noticed  that  a  great  number  of  assays  have  been  made  for 
the  alloy  Sn  Ou^  and  that  all  are  concordant ;  that  the  density  of  the 
bar  verifies  the  results  obtained  with  matter  in  grain  and  in  powder.  The 
other  properties  of  this  alloy  are  equally  exceptional.  While  all  the 
preceding  have  the  gray  hue  of  tin,  and  while  those  that  follow  are  white 
or  yellow,  this  alone  is  distinguished  by  a  bluish  color.  It  exhibits  no 
liquation,  for  after  four  successive  fusions  the  last  solidified  product 
possessed  the  composition  that  it  had  immediately  after  the  first  cast- 
ing. 

Consequently  the  alloy  Sn  Cu^  is,  in  the  series  of  alloys  of  copper  and 
tin,  what  the  alloy  Ag^  Cu*  is  in  the  series  of  alloys  of  copper  and  silver 
as  shown  by  Levol.* 

§  III.  HARDNESS. 

I  have  tried  various  methods  for  comparing  the  alloys  of  copper  and 
tin  in  respect  to  their  hardness.  None  have  given  sufficiently  satisfac- 
tory results  to  enable  me  to  express  their  relative  hardness  by  numbers. 
I  finally  made  use  of  an  apparatus  invented  by  an  ingenious  engineer  of 

*  Anfialea  de  Chim,  et  de  Pkys,,  dd  9&ie,  t.  xxxvi,  p.  193. 
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Paris,  M.  Magna,  an  apparatus  which,  since  my  experhnents,  has  been 
used  to  test  rails  on  an  Eastern  railroad. 

It  consists  of  a  weight,  which  slides  without  sensible  Motion  in  an 
iron  tube,  where  it  can  be  made  to  fall  from  a  variable  and  determined 
height.  This  weight  strikes  a  punch  of  tempered  steel,  which  rests  upon 
the  specimen  to  be  tested.  This  sx)ecimen  is  firmly  fastened  upon  a 
block  of  steel  attached  to  the  tube  and  resting  upon  a  block  of  wood. 

But  very  imperfect  comparisons  are  obtained,  because  the  same  shock 
produces  a  considerable  impression  on  a  soft  alloy,  and  a  scarcely  observ- 
able dint,  which  is  very  difiicult  to  mea^sure,  on  a  hard  alloy.  If,  to  avoid 
this  difftculty,  we  strike  a  large  number  of  blows,  the  metal  hardens,  and 
from  thirty  to  sixty  blows  produce  only  insignificant  results. 

We  cannot  expect  to  destroy  the  efEect  of  the  compression  by  anneal- 
ing, because  the  depths  of  the  impression  produced  are  variable  and  the 
surfaces  distorted,  when  they  should  be  plane  and  parallel.  We  can,  at 
most,  compare  by  this  means,  as  we  shall  see  farther  on,  only  metals 
differing  but  little  in  hardness.  I  can  only  say  that  the  hardness  deter- 
mined by  this  means  increases  from  tin  to  the  alloy  containing  copper  and 
tin  in  the  relation  of  equivalents. 

From  this  alloy  up  to  that  which  corresponds  to  the  formula  Sn  Cu' 
the  metal  is  too  brittle  to  be  assayed.  The  hardness  of  the  bronze  of 
sonorous  instruments  is  such,  that  the  punch  is  not  sensibly  injured  by 
.100  successive  shocks,  or  else  it  is  shattered. 

Hardness  diminishes  from  this  alloy  to  copper. 

We  will  now  examine  particularly  the  cannon  bronzes. 

§  IV.  BRONZE  USED  IN  MAKING  SONOROUS  INSTRUMENTS. 

Cu  =  78  to  82 
Sn  =  22  to  18 


100 

D'Arcet  having  proved  that  this  bronze,  unlike  steel,  is  softened  by 
tempering  and  ha^ened  by  annealing,  it  was  proposed  to  determine 
the  modification  which  its  volume  undergoes  in  tempering,  annealing, 
and  mechanical  action. 

1.  Alternate  tempering  and  annealing. 

Ingots  of  this  bronze  were  melted  at  a  sufficiently  high  temperature  in 
a  cylmdrical  iron  ingot-mould.  Solidification  took  place  in  a  few  sec- 
onds. For  the  fusion,  the  copper  was  first  heated  alone  in  an  earthem 
crucible ;  two  or  three  pieces  of  coal  were  put  into  this  vessel  to  avoid 
oxydization.  When  the  copper  was  melted  the  tin  was  put  in,  and 
being  stirred  a  little,  it  melted  almost  immediately.  The  ingots  were  cut 
and  then  carefully  filed.  As  in  all  the  following  experiments  the  work 
was  performed  in  the  same  way,  we  will  describe  it  once  for  all. 

The  density  was  determined  in  all  the  experiments  with  two  exact 
balances.  That  used  for  weighing  in  water  had  been  made  especially 
for  that  use  at  the  laboratory  of  the  mint.  Boiling  water  was  used,  and 
the  ingots  were  suspended  by  a  horse  hair,  the  trifling  weight  of  which 
(O*'  0.17  to  O*'  0.20)  was  deducted. 

The  temperature  at  which  most  of  the  following  determinations  were 
made  necessarily  varied,  but  for  each  series  of  experiments  the  tempera- 
ture did  not  vary  more  than  three  degrees,  the  balances  being  placed  in 
an  isolated  and  very  cool  position.  The  weight  of  the  specimens  was 
comparatively  large,  and  varied  frequently  within  the  somewhat  ex- 
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tended  limits.  In  the  first  series  of  experiments  each  ingot  weighed 
from  85  to  IK)  grammes.  The  specimens  to  be  tempered  and  ann^ed 
were  placed  side  by  side  in  a  sheet-iron  box  placed  in  another  of  cast- 
iron  illled  with  coal  di'oss,  and  covered  with  a  cast-iron  plate.  TMien 
thc^  metals  were  observably  red,  those  which  were  to  be  tempered  were 
plnnged  into  cool  water,  and  the  interior  case  again  closed,  recovered 
with  coal  dross,  and  the  whole  left  to  cool  slowly,  the  fire  being  covered 
with  ashes. 

This  was  done  in  the  evening,  and  the  specimens  were  not  taken  out 
again  till  the  next  day,  and  then  they  were  so  warm  that  they  could 
hardly  be  held  in  the  hand. 

Table  5. 

Bronie  at  90.80  per  cent  of  tin. 


Density. 


I.      !     IL 


After  castinK I  8. 787  . 

After  tem  periog  . .  |  &  Ai3 

After aDnealing...'  8.817  | 

After  tempering  . .  i  8b  849  , 


P.R58 
8.915 
a  907 


IIL 


a835 

a8tf3 

8.847 
8.874 


IV. 


P.  868 
&896 
8.886 
8.907 


V. 


VI. 


VII. 


VIII.  1     IX. 


p.  863 

&»06 
&894 
&922 


8.780       P.  715  I    &8i9       8.813 


8.808       &730      a644       P.863 


8.747 


a  871 


I 


Table  6. 
Bronse  at  18  per  oeot  of  tin. 


Density. 


After  caatinic I 

After  annealing \ 

After  tempering I 

After  annealing j 

After  tempering ' 

After  tempering , i 


I. 
P=7lf.490. 


a737 
a733 
a  763 
a  753 
a  775 
a  786 


p= 


II. 

86^.773. 


a873 

aeo 
a  911 
a8e9 

a9i6 
a9S7 


A  bar  of  two  kilogrammes  was  melted  in  order  to  obtain  some  very 
homogeneous  matter,  because  in  the  preceding  experiment,  where  the 
operations  had  been  carried  on  with  only  a  little  metal,  the  cooling  had 
been  made  too  rapid  by  the  addition  of  tin,  and  it  was  made  very  hot 
before  the  tin  was  put  in.  The  bar  was  cut  into  strips,  and  we  experi- 
mented upon  four  of  them. 

Table  7. 

Bronse  at  SO  per  oent.  of  tin. 


Denidty. 


After  tempering 

After  annealing 

After  tempering 

After  annealing 

After  tempering 

After  annealing 

After  a  eeoond  annealing. 
After  tempering 


I       I. 

IL 

,   P=l%ir.73S. 

p= 

=  IH9PJSB^ 

i             a  704 

a  719 

a  719 

a7« 

a730 

a  747 

a  784 

a  744 

!             a  756 

a763 

a  741 

a7S9 

a  751 

a7<9 

a  775 

a799 
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Table  7 — Continued. 


III. 

P=:136«'.572. 


IV. 
P=136<'.494. 


After  annealiris  

After  tenipnrtng 

At>er  annealiii^; 

Af'er  l«mp«^ring 

Aft«>r  anitealiuj;;  

A  iter  t^roperiufc 

Af'»*r  a  ni'onnd  tempering 
After  aanealiog 


a  758 

a  780 
a  777 
a  804 

a  815 
a  841 

a  850 
a  807 

8.686 

8.713 

a  714 

8.  TJd 

8.750 

8.774 

8.787 

6.760 

It  is  evident  from  the^se  three  series  of  experiments  that  tempering 
aujprnients  ccmsiderably  the  density  of  bronze  rich  in  tin,  and  that  anneal- 
in«x  evidently  dimini.shes  the  density  of  tampered  bronze.  Still  the  effect 
of  slow  cooling  by  no  means  destroys  the  effect  of  tempering,  for  the 
density  continues  to  increase  till  it  becomes  remarkable. 

2.  Alternate  action  of  heat  of  nlwck  and  of  compression. 

The  four  preceding  si)ecimens  were  submitted  to  the  action  of  the  screw- 
pre.ss,  but  as  this  bronze  is  brittle,  it  was  merely  compressed  strongly 
by  tlie  exertions  of  six  men,  instead  of  giving  it  a  sudden  blow.  The  two 
tempered  pieces  resisted.  The  two  annealed  pieces  were  broken,  giving, 
the  one  a  fragment  weighing  80«"'.335,  and  the  other  a  fragment  weigli- 
in«^  64«^.G44,  with  which  we  worked.  Two  samples  were  successively 
annealed ;  two  others  successively  tempered.  The  results  are  given  in 
the  following  table : 

Table  8. 


1 

Density. 

Density. 

1 

I. 

IT. 

III. 

IV. 

1 

1 

P=l28«'.83a 

P=r64r.644. 

1 

P=l21*f.537. 

P^dOr.335. 

A  ft«*r  romprpjwion  . . . 

a  796 

a  775 

After  cnmpresBion  . . 

a  783 

a  793 

After  tern neri  11  (E 

aR04 

8  -04 

After  annealing.   ... 

a  767 

anos 

Afr»*r  coninrcRsion    ..^ 

a  805 

a  789 

After  compreHsion  .. 

*a760 

ta796 

After  t*»mp«'rinjf    ' 

a  809 

a  826 

After  annealing   

a  763 

a  814 

After  com  pre*  sion  ... 

a  818 

a  840 

After  uonipreAsioD  .. 

:a766 

a  813 

After  t4*m  peri  rig 

a  819 

a8«5 

After  annealing.   ... 

a  773 

a  824 

A  fler  romp'o««ion  ... 

a^87 

a  Hfi5 

After  com  prewion  .. 

a  -.76 

8  817 

Afti'r  Teni]»pHnif    

a  8-28 

8. 866        1 

;  After  annealing    .... 

a  788 

a  844 

A  ft  ere  'mpn*««ion  .... 

a  837 

a  8-^9 

After  oonipresBion  .. 

a  795 

a  835 

Af'«r  terappTltiK ! 

a  841 

8  897 

,  After  annealing 

a  799 

a  849 

Affer  Bhock      

a  8.50 

a  98a 

,  Aftershock   

a  805 

a  813 

A  ft  er  tempering 

8.  8.>7 

a  9i5 

After  annealing 

a  833 

a  866 

After  flbock    ....1 

a  870 
K.H71 

a  939 

a  937 

A  fter  shook . 

aai3 

a84S 

*8  851 

A  frer  temp-^rlng 

A  fter  annealing 

a  856 

After  Hhook       

aH77 

8  880 

a  948 

a94« 

After  shock 

a  836 

a  850 

8.841 

Aff^r  t«»mpnrlng  — 

'  After  annealing 

a  839 

A  f  ler  nhock    

a  888 
a  887 

a  9.55 

a  9-1 1 

.  After  shock 

*a840 

a  888 

*8.  834 

Af'er  tempering 

After  annealing  

a  845 

After  ehoi^k 

a  898 
a  906 

8. 059 
a  953 

1  Aftershock 

§a854 
0.072 

a836 

A  frer  t*.inperin«    

Gain  in  density 

•.044 

Tlie  densitj  increaaed 

from 1 

1 

0.102 

0.177 

1 
1 

1 

*  Cracks. 


tCraoks.    The  fins  are  tiled  off. 


;  Crack  on  the  edge. 


$  Breaks. 


The  prominent  fact  which  is  shown  by  these  numbers  is  that  the  den- 
sity is  increased  by  mechanical  action,  tempering,  and  annealing,  in  a 
remarkable  degree. 

The  iiu»rease  is  greatest  in  the  temj)ered  specimens. 

It  should  be  remembered  that  but  limited  confidence  can  be  placed  in 
the  figures  obtained  for  the  annealed  metal,  because  it  cracks  and  splits 
on  the  edges,  while  it  does  not  alter  at  all  when  it  has  been  tempered 

H.  Ex.  98 35  . 
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As  it  is  stated  in  books  that  tempering  has  the  effect  of  diminishing 
the  density  of  this  bronze,*  I  examined  this  point  very  carefully,  and 
made  many  other  experiments,  varying  the  composition  (from  18  to  22 
I)er  cent,  of  tin),  the  form,  and  the  weight  of  the  specimens.  All  are 
concordant,  as  is  shown  by  the  following  table : 


Table  9. 


Density. 

L 

IL 

III. 

rv. 

SronxA  malted   ........................._.................... 

a  879 

ago7 
a  915 

a998 
a  938 
a  947 

aeas 

a733 

a843 

a  842 

a909 

a  910 

a939 

asss 

a836 
a  895 
a  904 

a930 

assT 

BronEfi  tAmnspod  ..............••.•••..•.••••  ............... 

E543 

Sronse  bainmerBd  ........................................... 

am 

Bronze  temDered 

a777 

fln%n  jKft  II  Am  in  Aiwn  ........«...■.«■«..•.>■.....««....«■«_•..•■ 

a87t 

Bronse  tAmoered .- 

asry 

Bmnse bannnored  ...... ................................  ... 

a9i8 

Bronse  teiDDored ................a.................. 

a937 

BroDZA  hanimered  ............  .................. ............ 

8.931 

Bronse  tomnered  ............................................ 

a  945 

Bronse  hanimered 

a  944 

Inoreaae  of  denaitv  .......................................... 

0.075 

0L950 

0,108 

0.417 

The  thickness  was  reduced  in  these  experiments  from  seventeen  to 
seven  millimeters. 

When  this  bronze  is  cooled  slowly  the  experiments  are  less  convincing, 
because  the  metal  breaks,  or  at  least  cracks  easily,  under  shock.  How- 
ever, as  my  first  object  in  undertaking  this  work  was  to  clear  up  these 
obscure  phenomena  of  tempering,  and  as  I  count  for  thus  clearing  them 
up  upon  the  variations  of  density,  I  made  numerous  experiments,  in 
some  compressing  the  material  slightly,  and  in  others  preserving  it  firom 
sudden  shock  by  an  intervening  body. 

I  give  here  some  of  the  i^esults : 

Table  10. 


Denaiiy. 


After  easting 

After  slow  cooling 
After  oompreadon 
After  Aloir  cooling 
After  compression 


aooo 

a653 
a  738 
a  790 
a833 


aoas 

a683 
a  750 
a793 

a  831 


Thus  there  is  always  an  increase  in  density  whether  the  bronzes  rich 
In  tin  be  tempered  or  slowly  cooled  after  compression. 

These  experiments  confirm  most  clearly  the  fact  affirmed  by  D'Arcet, 
that  tempering  softens  the  bronzes  rich  in  tin,  for  we  can  flatten  in  the 
press  the  tempered  bronzes,  while  it  is  only  exceptionally,  or  by  taking 


*  Dussanftsoy,  Annates  de  Chimie  et  de  Physique,  t.  v,  p.  228,  we  read : 

Alloy  of  oopper  80  and  of  tin  90. 

KoD-tempered. 

Tempered. 

Tempered  and 
Bonened. 

Heated  and 
cooled  slovly. 

DMnaltV 

8.670 

asao 

a  611 

aooo 

AnnaUs  dt  Cfhimie  et  de  Pkf/eique,  t,  xxz  (NovemVre  1873),  S4. 
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special  precautions,  that  we  are  able  to  subject  them  to  the  same  me- 
chanical action  without  breaking  them  when  they  have  b3en  heated  and 
cooled  slowly. 

This  fact,  being  the  inverse  of  that  which  is  observed  with  steel,  led 
me  to  examine  t^e  nature  of  the  variations  which  the  density  of  steel 
undergoes  when  placed  under  the  conditions  described. 

3.  Aetion  of  tempering  avid  annealing  on  steel, 

Eeaumur  and  Bimmann  admitted  that  the  volume  of  tempered  steel 
is  greater  by  -^-  than  that  of  steel  which  has  not  been  tempered.  Kar- 
sten,  without  absolutely  contesting  this  opinion,  does  not  consider  it 
clearly  demonstrated  that  steel  diminishes  in  density  by  tempering. 
Colonel  Caron,  in  his  celebrated  works  on  steel,  has  shown  that  temper- 
ing increases  the  volume  of  steel.  Thus,  after  thirty  successive  temper- 
ings,  the  density  which  was  7.817  became  7.743.*  and  he  concluded  from 
his  researches  that  the  effect  of  tempering  mignt  be  likened  to  the  effect 
produced  by  the  blow  of  a  hammer  on  red-hot  metal. 

The  steel  experimented  upon  was  of  a  very  good  quality  used  at  the 
mint  in  Paris.    The  samples  weighed  from  130  to  150  grammes. 

Table  11. 


1 

Deoaity. 

I. 

n. 

111. 

Han foTfped ................. 

7.839 
7.rj5 
7.831 

7.846 
7.749 
7.8:13 

7.839 

Bars  foTired. after  tomD^rinflr 

7.738 

Bars forffod.  aftor  annoaliDs 

7.8S8 

• 

IV. 

V. 

VI. 

Bars  forged 

7.841 

7.843 
7.758 

7.839 
7.845 
7.763 

7.841 

Bars  forged,  afl;er  annealing 

7.843 

Bars  forKod.  after  temDerlnir 

7.755 

Thus  tempering  produces  on  steel  forged  or  annealed  an  inverse  effect 
to  that  which  it  produces  on  bronzes  rich  in  tin ;  it  diminishes  its  den- 
sity instead  of  increasing  it,  from  which  it  may  be  seen  that  tempering 
diminishes  the  density  of  annealed  steel  and  makes  it  hard^  while  tem- 
pering increases  the  density  of  annealed  bronze  and  makes  it  soft;. 

4.  Action  of  the  press  or  of  the  roll^  tmd  of  annealing j  on  steel. 

Two  steel  plates  which  had  been  used  in  the  preceding  experiments 
were  employed. 

Table  12. 


Forged 
Forced 
Forged 
Forged 
Forged 
Forged 
Forged 
Forged 
Forged 
Forged 


steel 

steel,  after  one  annealing 

steel,  after  one  action  of  preea 
steel,  after  second  annealing  . 

steel,  two  impacts  

steel,  three  annealings 

steel,  three  impacts 

steel,  foar  annealings 

steel,  four  impacts 

steel,  five  annealings 


Density. 


P=85r.830. 


7.845 
7.849 
7.839 
7.»44 
7.838 
7.844 
7.837 
7.849 
7.849 
7.844 


P=fi3r.465. 


7.847 
7.849 
7.843 
7.843 
7.839 
7.845 
7.841 
7.854 
7.849 
7.845 


*  Comptes  Bendtu  des  Stances  de  VAetMmie  d«f  Sciences,  January  5,  1873. 
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As  the  variations  in  density  recapitulated  in  the  preceding  table  are 
very  slight,  I  tried  to  render  them  greater  by  parsing  small  bars  of  well- 
annealed  steel  under  a  steel  roU.  The  following  t^ble  shows  that  if  the 
results  ai^  in  the  same  direction  they  are  no  more  pronouncetl,  and  the 
experiment  is  very  soon  terminated  by  the  breaking  (Sf  the  metal. 

Table  13. 


Dennity. 

P=77f'.a42. 

P= 

=  76«'.595. 

Sieel  annealed  

7.832 
7.827 
7.8-29 
7.  822 
7.H26 
7.816 

7  833 

St«el  rolled 

7  824 

Siwl  annealed 

7  KJO 

St  t!e  1  roll  ed 

7  8-20 

Siwpl  anneftlod 

7  i*il 

Steel  rolled 

7  822 

The  diflferences  that  bronze  and  steel  present  when  alternately  an- 
neah^d  and  tem]>ered  are  again  en(H>untered  here,  but  in  a  less  degree. 
While  the  mechanical  action  increases  the  density  of  the  annealed 
bronze,  it  very  slightly  but  still  sensibly  diminishes  the  density  of  an- 
nealed steel,  and,  on  the  whole,  tempering  and  shock  increase  the  den- 
sity" of  annealed  bronze,  while  they  diuiinish  the  density  of  annealed 
steel. 

But  the  variations  are  very  decided  for  bronze  and  very  slight  for 
steel. 

5.  Bronzes  rwh  in  tin. 

Examining  Table  12  we  see  that  the  density  is  by  annealing  brought 
back  to  what  it  was  before  the  action  of  the  press ;  after  five  annealings 
and  four  powerful  blows  of  the  press,  there  was  no  sensible  variation, 
and.  consequently  we  see  how  a  block  of  annealed  steel  submitted  to 
compression  in  making  coin,  sustains  twentj^,  thirty,  and  even  many 
more  annealings  and  shocks,  without  any  apparent  difference  in  iti? 
work.  Annealing  restores  the  metal  to  tlie  condition  in  wliich  it  was 
before  the  mechanical  treatment. 

Immediately  following  the  researches  published  by  D'Arcet  in  1814* 
on  the  softening  of  the  bronzes  by  temi>ering,  experiments  were  made 
in  different  places,  and  particularly  at  VKcole  dett  Art^  et  Metiers  at  Cha- 
lons, on  the  tamtams  and  cymbals,  instruments  that  we  did  not  then 
manufacture  and  do  not  now  in  Euro])ean  countries,  but  which  we  obtain 
from  China  or  from  Turkey  in  Asia,  and  M.  Maillard,  head  of  the  foundery 
of  the  *'l5cole"  at  Chiilons,  succeeded  in  making  some  of  a  tenii)ered 
alloy  containing 

Copper ^^-  i>  1 1  An 

Tin 19.5  f^"^- 

It  was  thought  that  this  process  was  the  same  as  that  employed  by 
t'le  Orientals,  and  this  opinion  is  to  day  generally  accepted  among 
chemists. 

Afterwards,  St.  Julien  advanced  the  opinion  that  the  Chinese  worked 
the  bronze  red  h()t,t  but  D'Arcet  held  that  St.  »Julien  had  been  led  into 
error,  J  because  bronze  greatly  increases  in  density  when  heated,  while 
the  density  of  the  Chinese  instruments  is  very  much  less  than  tluit  of 
heated  bronze,  and  further,  this  bronze  can  be  pulverized  at  red  heat. 

*  D'Arcet,  BalU'tln  dc  la  iSociei^  (V Encouragennmt,  p.  2^9,  1814. 
tSfc.  Julieii,  JnnalcH  lie  Chlm.  et  dc  PhtjH.,  t.  Uv,  p. -329,  1833. 
t  D'Arcet,  Annales  dc  Chim.  ct  ds  Phys.,  t.  Uv,  p.  331,  1833. 
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In  view  of  this  contradictory  testimony,  I  consulted  the  best  instru- 
ment-makers of  Paris,  MM.  (lautrot  and  lieeomte,  who  assured  me  that 
working  this  bronze  cold  is  impracticable  industrially,  even  after  tem- 
pering, and  I  knew,  on  the  other  hand,  that  M.  Maillard  had  encountered 
great  difficulties  in  making  these  instruments,  as  great  numbers  of  them 
were  broken  in  the  coui*se  of  the  work,  and  tliev  are  all  thicker  than  the 
Chinese  instruments. 

I  analyzed  at  that  time  fragments  of  the  real  Chinese  instruments, 
and  I  found 

Tin  in  100  parts. 
22.80 
21.20 
20.80 
10.07 


I  ascertained  the  density  of  two  good-sized  specimens.    It  was 

For  one '. 8.  009 

For  the  other 8.  948 

I  submitted  to  cherry -red  heat  some  bronze  containing  20  j)er  cent,  of 
tin,  and  I  found,  as  D'Arct^t  had  shown,  that  this  metal  is  nnluced  to 
powder  by  blows.  I  then  souglit  to  ascertain  if  this  metal  would  not, 
like  zinc,  be  malleable  at  the  intermediate  temperatures.  About  100  to 
200  degrees  it  is  brittle  as  when  cold  or  at  a  cherry-red  heat,  but  at  dark- 
rtul,  and  a  little  under  that  temperature,  it  can  be  forged  as  ea^sily  as 
iron  or  aluminium  bronze.  At  these  temperatures  it  flattens  withcmt 
breaking  under  the  lieaviest  blows  of  the  hammer;  it  is  so  easily  flat- 
tened that  it  can,  in  some  cases,  be  reduced  from  a  thickness  of  14  milli- 
meters to  that  of  1  to  2  millimeters,  and  if  the  temperature  be  raised  a 
little  it  becomes  so  soft  that  it  can  be  wound  upon  itself  by  subjecting 
it  repeatedly  to  slight  shocks.  In  a  word,  the  work  is  thus  done  with 
greater  accuracy  and  rapidity,  and  becomes,  industrially  speaking,  prac- 
ticable. 

It  remains  to  be  considered  whether  the  density  approaches  to  that 
whicli  is  obtiiined  by  cold  haiumVriug  and  to  that  of  the  Chinese  metal. 

With  this  object  the  two  te:ni)ere<l  specimens  which  formed  the  sub- 
ject of  Table  8  were  heated  red-hot,  and  the  following  results  obtained: 

Table  14. 


Metal  toiiipprprt  

Metal  hammered  at  red  heat,  dimlniBhiug  its  weight  one-quarter 

Metal  t«iupere«l  anew 

Metal  hammered  a^ain  more  gently  on  accoant  of  its  britllenesa. 

Metul  tempered  apiiu     

Melal  hammered  gently 


Density. 


a»06 

a  s-M 

8.958 
8. 9:)9 
8.  9:J3 
8. 920 


8. 955 
8.  9i'i 
a  9*24 
H.  9J4 
a  924 
a  924 


The  metal  having  been  cold-beaten  for  a  long  time,  I  repeated  these 
operations  at  a  higher  temperature  withi  new  metal. 

Table  15. 

Densltv. 

Cast  metal H.7i)4 

Cjist  metal  aft<»r  first  hammering  at  dark-red  hoat 8.  rt)3 

Cast  metal  after  second  hammeriii|n:  at  <lark-red  heat 8. 941 

Metal  after  third  haiumeriii^  at  dark-red  heat H.  948 

Metal  after  fourth  hammering  at  dark-red  heat 8. 943 

Metal  after  fifth  hammering  at  dsirk-red  heat 8, 927 
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The  thickness  was  reduced  from  six  millimeters  to  one. 
The  same  experiments  at  high  temperature  were  repeated  on  the 
metals  containing  from  18.5  to  21.5  of  tin,  when  they  had  been  cast  at 

a  very  high  temperature. 

Table  16. 

Density. 

Bronze  at  18.5  per  cent,  tin,  after  casting  at  a  high  temperature 8. 882 

The  same  after  prolonged  hammerinj^  at  dark-red  heat 8. 988 

Bronze  at  20  per  cent,  tin,  after  casting  at  a  high  temperature 8. 912 

The  same  after  prolonged  hammering  at  dark-red  heat 8. 920 

Bronze  at  21.5  per  cent,  tin,  after  casting  at  a  very  high  temperature 8. 938 

The  same  after  prolonged  hammering  at  dark-red  heat • 8.929 

io.  ol9 
8  837 
8.873 

The  thickness  was  reduced  from  6  millimeters  to  1. 

Two  facts  follow  jfrom  these  experiments : 

1st.  Working  hot  does  not  increase  the  density  more  than  working  at 
low  temperature. 

2d.  The  metal  attains  this  density  very  rapidly  by  the  working  hot, 
and  without  danger  of  rupture;  while  cold  the  action  is  extremely  slight 
and  very  difficult. 

If  I  add  that. the  Chinese  tamtams  bear  traces  of  numerous  hammer- 
ings, which  indicate  that  the  metal  was  worked  when  it  was  softened 
by  heat,  it  will,  I  think,  be  admitted,  as  I  stated  when  I  published  these 
results,*  that  the  working  cold  is  not  carried  on  in  China  as  D'Arcet 
supposed,  and  that  the  method  of  fabrication  attempted  at  VEcole  des 
Arts  et  Metiers  at  Ch&lons  is  not  the  method  practiced  in  the  East,  but 
that  the  metal  is  worked  there  hot,  as  St.  Julien  declared. 

Had  there  remained  any  uncertainty  it  would  have  been  removed 
when,  some  days  after  the  publication  of  these  researches,  MM.  St.  Julien 
and  Champion  published  on  their  side  a  work  in  which  M.  Champion 
stated  that  he  had  seen  this  work  in  China,  and  that  the  metal  was 

heated.t 

M.  Champion  and  myself  unite  to  introduce  this  desideratum  into  the 
industrial  aits  of  European  countries,  and  we  have  succeeded  in  making, 
at  the  works  of  MM.  Cailar  and  Guin,  two  tamtams,  which  have  the 
external  characteristics  and  the  sonorousness  of  the  Chinese  instruments. 
But  we  utilized  the  facility  with  which  I  had  observed  this  bronze  to 
flatten  to  shorten  the  operation  and  to  diminish  hand  labor,  by  first 
subjecting  the  cast  alloy,  very  thick  and  red  hot,  to  the  action  of  the 
rolling-mill,  which  machinery,  according  to  M.  Champion,  is  unknown  to 
the  Chinese,  and  which,  in  every  case,  he  ascertained  by  observation 
was  not  employed  by  them  in  reducing  bronze  for  the  manu£EU3ture  of 
sonorous  instruments. 

§  V.  BEONZES  LESS  EICH  IN  TIN  APPROACHING  CANNON- 
BRONZE  IN  THEIR  COMPOSITION. 

Cu  =  94  to  88 
Sn=   6  to  12 


100 

The  bronzes  were  submitted  to  the  same  operations  as  the  preceding. 
1.  Tempered  and  aniiealed  alternately. 

*  Comptes  RendiM  des  Stances  de  VAcad4m%e  dee  Sdencea^  t.  Ixix,  p.  343. 
t/fuitt«(rte8  ancMJiiMs  et  modernea  de  V Empire  ChinoUf  Lacroix,  1869. 
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Table  17. 

Alloy  of  88  Cu  K^n 
12  8n  (  ^"" 

Density,  P  s  i7cr.  808. 

After  tempering 8.625 

After  aunealing 8.632 

After  tempering 8.624 

After  annealing -•  8.635 

After  tempering 6.632 


Table  18. 

Oan-bronse,  at  90  Ca 
10  Sn 


1 


100 


After  Cfiflt^DiK 

After  tempering 
After  aonodinjc 
After  tempering 
After  ajDDealing 
After  tempering 
After  annealing 
After  tempering . 


Denalty. 


P=69r.6fl6. 


&S04 
8.516 

asM 

&539 
&536 
&5» 
a  596 
a  526 


IL 
P=TOr.90a. 


a  677 
a  635 

aG4i 

a  645 
a  648 
a  648 
a  643 
a  626 


IIL 
P=119r.46a 


a6d4 
a  657 
a  670 

a  671 

a  674 
a  673 
a  676 
a  664 


IT. 
:104r.783. 


a  491 
a  498 

a  431 

a437 
a434 
a  436 
a  436 
a436 


After 
After 
After 
After 
After 
After 
After 


casting  ..., 

annealing 

tempering 

annealing.. 

tempering 

annealing., 

tempering 


Density. 


P»:e9P.19& 


a  541 
a  491 
a  495 
a504 
a  505 
a  479 


P«119r.590. 


a  705 
a  689 
a  684 
a693 
a  693 

aaM 

a  661 


Table  19. 

Bronsse  at  94  Ca  >  ^qq 

6  Sn  5 

Dtoslty,  P  =  Ulr.  880. 

After  casting 8.537 

After  tempering 8.491 

After  annealing 8.501 

After  tempering 8.502 

After  annealing 8.  507 

After  tempering 8.505 


After  oaating  ... 
After  aunealing. 
After  tempering 
After  annealing. 
After  tempering 
Alter  annealing. 


Density. 


IL 
P=:15ar.5ia 


a  519 

a  499 

a  491 

a  406 
a495 
81406 


HL 
Pi=76«'. 


a807 
a806 
a803 

a  804 

asoo 


562 
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These  numbers  show  that  the  bronzes  containing  but  little  tin,  suscep- 
tible of  beiu}?  cold -hammered,  or  even  tiattened  like  gun-bronze,  do  not 
increase  in  density  when  temperi^.d  or  annealed  like  the  preceding. 

2.  Annealed  or  tempered  and  rolled  alternately. 


Table  20. 


Bronze  94  Ca  (  . 
6  Su5 


00. 


Density. 


I.  '  II. 

P  =  12*M30.        P  =  65«'-'»a 


AfreroAaUnfC 

After  rolling  

After  tempering 

After  rolling 

After  teiiipuring 

Af'or  rollinji 

After  tempering 

After  ruling 

After  tempering 

After  rolling    

After  t4»njp<*ring 

AfU*r  rolling 

After  teni  pering 

After  rolling   

The  dennity  increases  from 


6.541 

8.643 

a  094 
a  772 
a  770 
H*27 
H-24 
8*17 
907 
a  913 
C(.919 

a9:<3 

0.39-2 


8. 

8 

a 

9. 


a75e 
a  761 

aecte 

8.K71 
f.  87a 
8  921 
a  926 
a  929 
a  936 
a  939 
8  739 


0.181 


After  casting 

After  rolling 

After  annealing 

After  roUinj^   

Affpr  anneiiling. 

After  rolling 

After  annealing 

After  rolling   , 

After  annealing 

After  rolling   

After  annealing 

After  roUiui;   , 

After.annealing 

After  rolling , 

The  density  increases  from 


Density. 


III. 
P  =  127«r.990.       P 


IV. 
:  81iM09. 


a  541 
a  (^69 
a  627 
a  722 
a  729 

a  801 
a  801 
a  H5i 
a  8r>2 

a  904 

e.9r9 

a  922 

a  931 

a  935 
0.394 


aT73 
a772 

anae 
a8:s 

a  874 

a  875 

a  913 
a  yi3 

a928 

ai>29 
a  931 

a  934 


a  161 


The  metal  was  reduced  from  a  thickness  of  ten  millimeters  to  that  of 
one. 

Comparing  these  results  with  those  given  by  the  bronzes  rich  in  tin, 
we  find  that  tempering  and  annealing  give  about  the  same  increase  in 
density,  Avhile  the  increase  was  much  greater  for  the  tempered  metal  in 
the  alloys  rich  in  tin. 

These  alloys  seemed  to  be  as  easily  worked  after  annealing  as  after 
temx>eriug. 

An  attempt  was  made  to  verify  this  last  point  by  operating  under 
practical  conditions ;  that  is  to  say,  by  reheating  the  metal  in  the  air, 
working  on  bronze  of  10  and  bronze  of  6  per  cent,  tin,  which  was  in  the 
form  of  strips  four  millimet/ers  wide.  The  mechanical  action  and  heat 
were  the  same  5  tlie  only  difference  was  in  the  cooling ;  while  one  speci- 
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men  was  tempered  when  red  hot,  the  other  was  left  out  in  the  air.     The 
results  are  given  in  the  following  table : 

Table  21. 
1.  Bronze  at  10  per  cent,  tin. 

Density. 

I.  ' 
P=66«r.928. 

After  6  inipacte  of  the  press 8. 8tJ7 

Aft-^T  annealiuj^ y.  H33 

After  9  impacts  of  the  press 8.  905 

After  annealing 8. 902 

Aft^^r  96  iin])act8  (and  32  annealings) 8. 930 

After  annealing 8. 935 

Dcnsitj'. 

r=  06«'  958. 

After  6  impacts  of  the  press 8.898 

After  tampering 8. 81^4 

After  9  impacts  of  the  press 8. 904 

AlYer  temi)ering    8.  897 

After  9o  impacts  (32  t^mpcrings) 8. 904 

After  temi)ering 8. 905 

2.  Bronze  of  6  pm-  cent  tin, 

DeiiMity. 

III. 
P=6(5«^O02 

• 

After  6  impacts  of  the  press -^. 8.924 

After  annealing ^ 8. 923 

After  9  impacts  of  i)re88 8. 936 

After  annealing 8.  ^>2S 

After  57  impacts  (19  annealings) 8.931 

After  auuealiug 8. 932 

Donwty. 

IV. 

P  =  658'.  242 

After  6  impacts  of  press 8.928 

After  tem])ering - 8. 924 

After  9  im])acts  of  press - 8.929 

After  tempering -  8. 923 

After  57  impju-ts  (19  t^jmperinga) 8. 9iU 

After  tempering * 8.935 

The  tempering  and  the  annealing  take  place  in  a  simihxr  manner, 
almost  identicalfy  the  same  for  bronze  at  6  per  cent.  tin.  Thus  the  den- 
sitv  after  72  blows  of  the  press,  alternated  with  2i  annealings,  increases 
from  8.924  to  8.932,  and  by  tempering,  from  8.928  to  8.935. 

The  workman  observed  no  ditferences  in  the  hardness  of  the  metal 
annealed  or  tempered,  and  the  ease  of  working  secured  was  the  same. 

Two  sheets  of  these  bronzes  were  prepared,  of  a  thickness  of  15  millim- 
eters, and  these  were  subjected  to  the  ordinary  operations  of  coining 
after  tliey  had  been  cut  in  two,  care  being  taken  to  have  one  of  these 
parts  annealed  and  the  other  tempered.  When  tliey  had  been  reduced 
to  strips  5  centimes  in  Avidth,  that  is  to  say,  1  millimeter,  the  stiips  were 
cut  and  weighed. 

Table  22. 
1.  Bronze  at  10|>er  cernt.  tin. 

Weight  of  15  strips  after  3  temperings ; 76.90 

Weight  of  6  strips  after  3  temperings 32. 36 

"VVeight  of  10  strips  after  3  temperings 53.50 

Weight  of  15  strips  after  3  annealings 77.27 

Weight  of  6  strips  after  3  annealings • 32.07 

Weight  of  10  strix>s  after  3  annealings 54.70 
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2.  Bronze  at  6  per  cent  tin. 

gr- 

Weight  of  15BtTips  after  3  temperings 73.83 

Weight  of  6  strips  after  3  temperings 32. 14 

Weight  of  10  strips  after  3  temperings 48.95 

Weight  of  15  strips  after  3  annealings 73.96 

Weight  of  6  strips  after  3  annealings 31.49 

Weight  of  10  strips  after  3  annealings 51.00 

No  difference  was  observed  in  working  the  alloys  whether  annealed  or 
tempered,  and  the  weight  of  the  annealed  strips  did  not  differ  materially 
from  that  of  the  tempered  ones. 

The  director  of  the  mint  at  Paris,  M.  B\jon,  to  whom  I  also  owe  many 
thanks  for  all  the  facilities  he  procured  for  me  in  the  prosecution  of  these 
researches,  assured  me  that  no  differences  had  been  observed  in  the 
working  until  at  one  time,  work  not  being  very  urgent,  the  plates  were 
left  to  cool  in  the  air  instead  of  being  tempered  in  water.  It  is  prefer- 
able to  cool  the  bronze  rapidl}^  in  order  to  diminish  its  oxydizatiou,  and 
especially  to  detach  the  scales  of  oxide  which  form  during  the  reheating, 
and  which  have  the  double  inconvenience  of  soiling  the  rolls  and  of 
injuring  the  plates. 

3.  Liquation  in  gun-bronzes. 

Liquation  is  not  so  considerable  as  is  generally  supposed.  The  follow- 
ing table  recapitulates  some  of  the  numerous  analyses  which  were  made 
of  cannon  during  the  siege  of  Paris,  with  my  colleague,  M.  Desmarais,  at 
M.  Thi^bault's,  and  at  Cailar  &  Guin's: 

In  table  124  will  be  found  the  analysis  made  by  M.  Drouin  and  myself 
on  the  different  parts  of  the  cannon  cast  at  the  Ecole  des  Arts  et  Metiers 
of  Angers,  for  which  I  am  indebted  to  the  courtesy  of  M.  Soux,  chief  of 
the  miU-^^Tight  shop  of  this  establishment.' 

Table  23. 
Imtbriob. 


SftmplM  taken. 

Sn. 

Zn. 

Pb. 

Co.* 

At  tb6  brMoh 

yo.1. 

&79 
7.18 
7.08 

9.65 
9.44 

&84 

9.44 
9.74 
8.98 

1.80 
S.00 
1.60 

• 

2.40 
8.  SO 
8.40 

a93 
1.11 
0.93 

0.98 
0.74 
a83 

1.86 
1.M 
1.86 

aoo 

0.60 
0.85 

8a  56 

At.  top  of  trunnion  ............................ Ti,.i,...-r*'ri,*t-«- 

90.06 

TowArd  the  mnzsle  -  r      -  ^ 

9a  49 

At  the  breech 

No.fL 

65.89 

A  t  the  trnnnlon  . . . .  ^ 

. J 

66.50 

Toward  the  muzzle 

86.96 

At  the  breech ^ 

No.  3. 

pa  43 

At  the  trunnion 

eass 

Toward  the  nkuzzle  ... .................................. 

89.84 

EXTBBIOH. 

At  the  breech 

No.  I. 

&74 
8.79 
7.70 

9.96 
9.85 
9.06 

9.93 
8.7* 
&93 

ftOO 
8.00 
1.60 

L80 
8.40 
8.40 

1.81 
Lll 
1.81 

0.83 
a93 
0.S3 

1.86 
1.86 
1.86 

0.80 
1.00 
0.80 

8a  43 

At  ton  of  trunnion i. 

88.35 

Toward  the  mnzzle  .r -- 

89.87 

At  the  breech  ...... 

No,%. 

8198 

At  the  trnnnlon 

($5.89 

Toward  the  muzzle. .                _ 

80.08 

« 

At  the  breech. 

No.  3. 

8a06 

At  the  trunnion 

89.17 

Toward  the  mnzzle 

89.07 

1 

*  Determined  by  difference.— Ann.  de  Ohim,  et  de  Phyt,,  4  86rie,  t  zxx,  1873, 85. 
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Table  24. 

m. 

Length  of  the  cannon  with  its  sinking  head 2,512 

Length  of  the  sinking  head 1,500 

The  inner  shavings  were  taken  ^m  a  cylinder  of  65  millimeter^  diam- 
eter  having  the  same  axis  as  the  cannon.  They  were  thoroughly  washed 
in  ether. 

INTBRIOR. 


Distance  from  the 
breech. 

So. 

Pb.* 

Zn. 

Cu.t 

M. 

0.40 

a965 

D.165 

1.600 

89.970 

a  60 

9.014 

0.165 

9.  COO 

88.891 

0.80 

9.014 

0.165 

9.9U0 

88.691 

1.00 

a796 

0.165 

1.900 

89.909 

1.90 

9.046 

0.165 

0.800 

89.989 

1.40 

a739 

0.165 

1.900 

89.903 

1.60 

a  769 

0.165 

0.600 

90.473 

1.80 

a999 

0.165 

0.800 

90.036 

Mouth. 

a  769 

Q.165 

a  100 

88.973 

Average  of  tin  in  the  interior,  8.907. 


EXTBRIOR. 


0  40 

9.669 

0.165 

aoo 

9.989 

0.165 

0.80 

9.454 

0.  165 

1.00 

9.676 

0.165 

1.90 

9.581 

0.1*65 

1.40 

9.550 

0.165 

1.60 

9.314 

0.165 

1.80 

9.534 

0.165 

Sinking  head  at  0-.  65  fi 

rom  the  muzzle,  9. 344 

a  165 

1.600 

88.573 

1.G00 

ea953 

aooo 

8a  381 

1.900 

8»<.959 

0.800 

89.454 

1.400 

8a  885 

aooo 

88.591 

1.000 

89.301 

0.100 

90.391 

Average  of  tin  at  the  exterior,  9.507. 


*  Average  of  total  lead  found  in  the  different  partii. 


t  Determined  by  difference. 


The  part  of  the  cannon  which  is  in  the  axis  of  the  piece,  and  which  is 
cut  away  by  the  drill,  is  not  homogeneous,  especially  toward  the  breech. 
Crystalline  particles  of  gray  tint  were  found  there,  which  being  sepa- 
rated as  carefully  as  possible  gave  upon  analysis : 


Tin., 
Zinc 


12.30 
3.20 


11.21 
5.40 


13.89 
6.40 


14.49 
14.49 


It  does  not  follow  that  the  central  parts  are  richer  in  tin.  On  the  con- 
trary it  has  been  shown  by  experiment  that  the  exterior  is  richer  in  tin 
than  the  interior.  This  last  fact,  which  clearly  follows  fipom  the  preced- 
ing tables,  had  been  previously  stated  by  Colonel  Dussanssoy,  contrary 
to  the  opinion  previously  held  at  cannon  foanderies. 

The  following  table  does  not  indicate  that  the  sinking  head  may  have 
the  effect  of  increasing  the  density  of  the  piece  as  has  also  been  sup- 
posed. 

Tablv  25. 


Distance  fttim  the  breech. 

Qoantity 
of  tin,  per 
cent. 

Density. 

Distance  fnta  the  breech. 

Quantity 
of  tin,  per 
cent. 

Density. 

0.90 
0  40 
0.60 
0.80 
1.00 

10. 498 
9.065 
9.140 
a  759 
9.039 

a  479 
a539 
a539 
p.  549 
a  460 

1.90 
1.40 
1.60 
1.80 

aoo 

9.991    . 
9.048 
a  969 
a  596 
a530 

a  618 
a  549 

a50o 

a458 
a  374 
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4.  Manufacture  of  medals. 

Analysis  of  antique  medals  shows  that  tliough  the  ancients  sometimes 
used  copper  for  this  purpose,  tliey  ordinarily  employed  bronze  in  which 
the  i)roportion  of  tin  varied  l)etween  lar^^e  limits  (from  1  to  25  percent.). 
The  manufactiu*e  of  medals  with  a  bronze  rich  in  tin  is  not  possible  at 
the  present  day  on  account  of  its  hardness,  and  because  considerable 
relief  is  necessary,  while  it  was  very  slight  in  the  medals  of  anticpiity. 
Bronze  has  been  wholly  ^iven  up  in  our  own  country  and  copper  substi- 
tuted for  it,  but  copper  also  presents  some  serious  inconvenieuces.  It 
rusts  badly,  has  no  ring,  its  red  tint  is  not  artistic,  and  this  is  concealed 
by  an  artificial  bronzing  which  adheres  poorly,  and  which  causes  ditter- 
ent  medals  to  vary  in  tone. 

In  1828  M.  de  Puymaurin  made  a  large  number  of  experiments  and 
continued  them  until  1832,  after  which  an  alloy  of  04  copper,  4  tin,  and 
2  zinc  wa.s  a(h>pte(l,  of  which  from  time  to  time  medals  were  manufa<;- 
tured  until  1847,  at  which  time  it  was  entirely  given  up  on  account  of 
the  hardness  of  the  metal  leading  to  a  deterioration  of  the  coin.  Tlie 
hardness  of  bronze  increases  in  fact  very  rapidly  with  the  proi>ortion  of 
tin,  and  the  following  is  the  average  of  many  experiments  with  the  ap- 
paratus described  above :  ♦ 


Impacts  necAAsary 

Id  order  to  ob- 

tain    a 

depres* 

sioa  of- 

— 

4"»-. 

1« 

19 

7 

33 

8to9 

27 

10 

38 

14 

40 

15 

Copper .' 

Bronze,  with  97  partB  copper 

Bronze,  with  96  parts  copper 

Bronze,  with  95  parrs  copner  

Bronze,  with  94  parts  copp-^r 

Bronze,  with  90  parts  copper I      Did  not  sacoeed 

j  with  70  blows. 

After  these  experiments  various  medals  were  struck  at  the  mint  in 
Paris,  with  different  alloys  in  the  ordinary  working  conditions.  The 
ditt'erences,  which  are  unimportant  for  meclals  less  than  35  uiilliineters, 
become  more  noticeable  when  tlie  dimensions  attain  to  50  millimet4^rs. 
There  were  necessary  in  this  latter  case — 

With  pure  cop])er -....  7  compressions. 

With  bronze  with  97  parts  copper 10  comprcsfuons. 

With  bronze  with  96.5  ])art8  copjjcr 12  comi»r<»ssiou8. 

With  bronze  with  9Ji  parts  coppt^r 13  to  14  compressions. 

With  bronze  with  95  ))art«  copper 16  to  17  compresftions. 

AHoy  of  95  cop]>er,  4  tin,  1  zinc 14  compressions. 

AUoy  of  94  copper,  4  tin,  2  zinc .•  16  to  18  compressiona. 

From  which  I  conclude  that  bronze  of  06  and  97  j)arts  copper  may  be 
employed  to  great  advantage  and  with  no  serious  inconvenience  in  the 
manufacture  of  medals.  Its  hardness,  much  less  than  that  of  the  alloy 
of  M.  de  Puymaurin,  does  not  much  exceed  that  of  copper ;  it  x>08se«se^ 
a  certain  sonority  and  casts  well,  rolls  evenly,  and  its  color  is  more  artis- 
tic than  that  of  copper. 

The  action  of  the  i)re8S  and  of  heat  modifies  its  density  but  little. 


TESTS   OF   METALS. 


557. 


Table  26. 


Density. 


After  first  annealing... 

After  first  ntroke   

After  aecoad  annealing 
After  Hecond  stroke  ... 
After  third  annealing. . 
After  tb ird  stroke  . . . . 
After  fourth  annealing 

After  fourth  stroke 

Atlter  fifth  annealing  . . 


Medal  of  68—. 

Medal  of  68-"». 

in     bronze, 

in 

alloy  of 

■with    4  per 

Cu 

94,  Sn  4, 

cenc  tin. 

Zn 

2. 

a  926 

a  901 

a  944 

a  909 

a  940 

a  913 

a  941 

a  916 

a  939 

a  910 

a  946 

a  916 

8  943 

a  911 

a  947 

a  915 

a  940 

a9i2 

§  VI.  PUKE  COPPEK,  ITS  PERMEABILITY  TO  LIQUIDS. 

Copper  alloyed  xcith  iron. 

Either  pure  copper  wliicli  had  been  used  iu  the  preceding  experiments 
or  very  line  copi>er  in  plates,  such  as  is  used  in  the  mint  at  Paris  for 
making  medals,  was  employed. 

1.  Tempered  and  annealed  alternately, 

T.\BLE  27.     . 


Density. 

Density. 

I. 
P=l0lir.561. 

ir. 

P=100<'.892 

1 

III. 
P=102«'.987. 

IV. 
P=10JBM04. 

Copper  rolled 

Copper  annealed 

Copper  temperrd 

Copper  annea  ed 

Copper  temporeil 

Copper  anuealed    

(yopper  tempered .   . . 

Copper  annealed 

Diminution  of  density 

a  921 

a  888 
a  868 
a  852 
a  828 

a  812 

a7p(8 
a  781 

0.140 

a  923 

a  891 

a  856 

a  ^.5.3 

6.  831 

af^09 

a  785 
8.  78'i 
0.  140         1 

1 

i  Copper  rolled  

Copper  tempered  . . . 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  tempered  . . . 
Diminution 

a  915 
a  908 

aa'>8 

a  834 
a  833 
a  806 
«  797 
a  773 
0.142 

a  919 

a  911 

a  865 
a  840 

a  (-40 
a  819 
a  810 

a  785 
0.134 

2.  Annealed  or  tempered  and  rolled  alternately. 

Table  28. 

Density. 

I. 

P-=79«'.835. 

Copper  rolled 8.  «77 

Copper  annealed 8.767  to  8. 770 

Copper  rolled 8.8*31 

Copper  annealed    8.751  to  8.756 

Copper  rolled 8. 825 

Copper  annealed 8.758 

Copper  rolled 8.868 

Copper  annealed .' 8.744  to  8.755 

Density. 

P  =--79«'.765. 

Copper  rolled 8.874 

C.jpper  tempered , 8. 786  to  8. 791 

Copper  rolled 8.841 

Copper  tempered 8.  816 

Copper  rolled 8.850 

Copper  tempered 8.839 

Copper  rolled 8.876 

Copper  tempered 8.849 
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These  experiments  show  that  heat  considerably  lessens  the  density  of 
copper,  for  even  aftor  repeated  rolling  which  reduced  the  thickness  of 
the  sheet  from  9  millimeters  to  1™".5,  the  density  diminished  greatly. 

3.  Porosity  of  copper  ;  its  permeability  to  liquids. 

It  will  be  noticed  that  in  the  preceding  table,  the  density  after  an 
nealing  and  tempering  was  represented  by  several  different  numbers. 
The  copper  gains  in  weight  by  remaining  even  for  a  Wttle  while  in  water, 
when  it  has  been  heated  either  in  the  midst  of  coal  dross,  or  in  the  empty 
box  surrounded  by  coal  dross. 

Every  one  who  has  worked  or  handled  copper  has  notice>d  that  it 
almost  always  contains  little  cavities^  and  founders  know  that  it  is  very 
difficult  to  obtain  a  really  sound  casting  of  this  metal. 

Marchand  and  Scheerer  attribute  this  to  the  oxygen  contained  in  the 
copper,  which  is  disengaged  at  the  moment  of  solidification  by  a  phe- 
nomenon analogous  to  that  which  produces  the  spitting  of  silver. 

Permeability  is  not  due  to  this  cause  alone,  for  rolled  copper  whidi  is 
not  at  all  porous,  becomes  so  when  reheated  in  the  midst  of  coal,  or  in  a 
box  surrounded  with  coal.  It  depends  on  various  other  causes,  and 
especially  on  the  fact  that  cast  copper,  even  after  it  has  been  melted  in 
the  presence  of  carbon,  contains  a  small  quantity  of  oxide  which  has 
been  produced  by  the  action  of  the  heat  at  the  temperature  for  anneal- 
ing. 

Table  29. 


After  the  lint  Annealing  in  *  box  sarrovoded  with  ooal . 
After  a  i««y>nd  annealf ne  lii  a  box  sarroanded  with  coal. 
After  a  third  aoneaHog  m  a  box  sarroanded  with  coal  .. 


Weight  of 
a  bar  of 
copper. 


Immersed  for 
SO  honn  in 
beozine  It 
absorbs  from 
it- 


er. 

0.  0S7 
0.0W 

aoit 


This  increase  of  weight  is  due  to  a  simple  absorption  of  the  liquid  into 
the  metal,  for  it  takes  place  with  very  different  liquids,  and  the  metal, 
by  simply  being  exposed  to  the  air,  returns  to  its  original  weight. 

Table  30. 

Or, 

Weight  of  a  sample  of  copper 101. 141 

Weight  of  this  sample  after  two  days  in  water 101. 168 

Weight  of  this  sample  aft«r  two  days  in  dry  air 101. 143 

Weight  of  this  sample  after  two  days  in  benzine 101.155 

Weight  of  this  sample  after  two  days  in  dry  air 101.143 

Weight  of  this  sample  after  two  days  in  water. 101. 160 

Weight  of  this  sample  after  two  days  in  dry  air 101. 145 

Weight  of  this  sample  after  one  annealing  in  coal 101. 139 

Weight  of  this  sample  of  copper  after  two  days  in  water 101. 236 

Weight  of  same  after  two  days  in  dry  air 101.144 


The  copper  attained  this  porosity  in  rolling. 


Table  31. 
Copper  melted,  then  oast  at  a  low  temperature. 

Gr. 

Weight  in  the  air 7a  442 

Weight  after  one  day  in  water 78.500 

Weight  after  one  day  in  air • 78.443 

Weight  aft«r  rolling 78.439 

Weight  after  three  days  in  benzine 78.439 
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Copper  melted,  then  cast  at  a  very  high  temperature,  do^  not  possess 
this  permeability. 

Gr. 

Weight  of  a  sample  of  copper  cast  very  hot 123.740 

Weight  of  this  sample  of  copper  after  three  days  in  water 123. 738 

The  density  of  this  sample  cast  at  a  high  temperature  was  8.939,  while 
the  deAsity  of  the  sample  cast  at  a  low  temperature — of  the  preceding 
table — was  only  8.039.  This  explains  the  differences  which  may  be 
found  in  the  various  works  upon  the  density  of  melted  copper.  Accord- 
ing to  Marchand  and  Scheerer*  these  densities  may  vary  from  7.720  to 
8.921.  We  have  just  indicated  a  superior  number  to  this  last,  8.939.  The 
lowest  limit  given  above  is  never  obtained  in  ordinary  circumstances. 
Generally  this  density  fluctuates  between  8.0  and  8.81. 

4.  This  porosity  does  not  exist  when  the  copper  is  reheated  in  the 
air,  that  is  to  say,  in  the  ordinary  conditions  under  which  this  metal  is 
worked  in  the  manufacture  of  medals. 

Table  32. 


Copper  rolled 

Copper  annealed . . 
Copper  temp<«red. . 
Copper  anuealed . . . 
Copper  tempered. . 
Copper  retempered 
Copper  annealed. .. 


Density. 


I. 
FrsSTf.lin. 


6.990 

assi 

&984 
8.937 
&926 
8.9*23 
8.930 


II. 

p=80»'.on. 


&903 
a  905 
8.906 
&907 
6.899 
6.903 
8.903 


Gopperrolled 

Copper  tempered 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  annealed  anew 
Copper  tempered 


Density. 


ni. 

P=:88i'.637. 


&9S1 
8.9-^9 
&934 
8.933 
&93S 
&997 
8.986 


IV. 

P=79«'.049. 


&919 
8.931 
8.933 
&9il 
a  933 
a  933 

a9ao 


While  annealing  and  tempering  considerably  lessen  the  density  of 
copper  when  not  exposed  to  the  air  during  the  operations  (Table  27), 
these  same  processes  do  not  matenally  modify  the  condition  of  this 
metal  when  it  is  exposed  to  the  air  while  working  it. 

Mechanical  action  and  action  of  heat  alternately^  on  copper  heated  whil§ 
exposed  to  the  air. 

*  Percy,  Metallurgief  t.  v,  p.  67. 
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Tablk  33. 


Copper  rolled 

(^opiMT  UMnpeied  

C<»i»per  rolled    

Copper  U^mjHTed 

Coppfirrtil  ed     

Copjjer  t«iii  uered 

Copper  rolltirt 

Copper  terijpero4l  

C'»pporrolled    

Copper  tempered   

Diiiiinutiou  of  density 


Density. 


P= 


I. 
80f.930. 


P=81»'.044. 


8.916 

8.919 

8.925 

8.9^ 

8.920 

8.93n 

8.933 

8.919 

8.911 

&909 

B.  915 

8.9H 

8.913 

8. 91.1 

8.913 

6.915 

a  91^2 

8.913 

&9i3 

a  914 

0.003 

0.005 

Copper  n»lled 

C<)pper«n  inhaled 

Copper  rolled    

Cupjier  annewled 

Copper  rolled    

fVtpper  an  Mealed 

C<»p.ier  ndled    

(Jopper  annealed 

Copper  rolled     

C  -pper  Hnnealed 

Diiuinuiiuii  of  den.^ity 


Deoaity. 

III. 

IV. 

P=80P-.673. 

P  = 

-81P.038. 

a  923 

a9w 

a9-i5 

at)-« 

a  913 

aa^a 

a  910 

8  910 

,             a  903 

a  890 

a  902 

abPfi 

a890 

a8i!9 

a  900 

a908 

a  894 

a  8^7 

8  8j*6 

•  a  901 

0.037 

0.0-22 

Tbese  plates  were  reduced  from  a  thickness  of  0  milliineters  to  tliat 
of  1  inilliiueter  under  the  same  conditions.  Comparing  these  results 
with  those  of  Ta])le  28,  which  contains  the  results  obtained  when  the 
copper  was  not  exposed  to  the  air  while  heatinj^,  a  complete  contrast 
was  shown.  WTiile  annealing  and  tempering  increased  the  density  in 
the  first  case,  they  diminished  it  in  the  second. 

Another  very  striking  fact  when  the  piece  is  exposed  to  the  air  is, 
that  the  increase  of  density  resulting  from  the  heat  is  very  nearly  com- 
pensated by  the  tempering,  so  that  the  plate,  after  being  made  consid- 
erably thiinu^r,  is  found  to  have  the  same  density  as  before  the  operation. 
By  annealing,  the  uniformity  becomes  less,  and  the  density  materially 
diminishes.  I  struck  a  coi)X)er  medal  at  the  ^/orkshop  of  the  mint,  the 
metal  being  exposed  to  the  air  during  the  reheating,  and  the  results 
were  as  follows : 

Tablk  34. 


Copper  medal  in  strong  relief. 

Density,  P  =  40K^.4M 

Stri])  rolled    8.909 

8trip  after  the  first  pans :..    8.91S 

Strip  after  the  lirst  temporing 8.918 

Strip  at'tor  the  Hi;fornl  pass 8.915 

Strip  aftor  the  seroiul  tt'iuperiii^ 8.916 

Strip  after  the  third  pa,sH 8.9(^ 

Strip  after  the  third  tempering 8.912 

On  the  whole,  copper  exposed  to  the  air  during  heating,  tampered 
and  then  struck  in  the  press,  shows  the  same  effects  as  st^el  annealed 
and  struck.     (Table  8.) 
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The  density  of  both  diminishes  when  they  are  subjected  to  mechani- 
cal action.  Heat  restores  them  sensibly  to  their  original  volume,  so 
that  we  can  see  how  they  may  be  practically  employed  with  advantage 
in  making  coins  and  medals. 

The  opi)osite  results  given  by  copper  exposed  to  the  air  during  heating 
and  protected  from  the  air  (Tables  28  and  33),  exhibit  the  contradictory 
eftects  of  the  experiments  of  O'Neil  and  of  Marchand  and  Scheerer,*  in 
which  the  former  obtained  a  diminution  of  density  by  compression, 
while  the  others  showed  a  sensible  increase. 

Copper,  in  these  annealings  in  the  air,  oxidizes  strongly.  In  fact 
the  four  samples  which  were  the  subject  of  Table  32,  were  heated  red 
hot  in  the  midst  of  coal  dust  twice  in  the  course  of  four  or  five  hours. 

Their  weights  which  were — 

*^-  «^-  detemlSSd. 

No.  1,76.100,  became  75.977 0.123 

No.2,  69.537,  became  69.488 0.049 

No.3,75.851,  became  75.760 0.091 

No.4,68.078,  became  68.025 0.053 

And  this  quantity  of  oxygen  is  a  minimum.  The  metal  after  this  reduc- 
tion became  again  permeable  to  liquids. 

5.  The  addition  to  copper  of  small  quantities  of  foreign  matter,  iron, 
for  example,  increases  the  porosity,  as  do  small  quantities  of  oxygen. 
The  copi>er  acquires  tenacity  and  elasticity  by  this  acyunction  of  iron, 
while  retaining  a  certain  malleability. 

The  question  has  often  been  raised  as  to  whether  copper  allies  itself 
to  iron.    I  give  here  the  results  of  my  experiments  on  this  point. 
Ist.  We  heated  in  a  temperature  sufdcient  to  melt  cast  iron — 

Copper 90 

Cast  iron 10 

The  ingot  obtained  contained,  at  its  highest  part,  iron  uncombined. 
2d.  We  heated  very  hot  and  held  some  time  in  fiision — 

Copper 90 

Eivets 10 

The  ingot  obtained  furnished  upon  analysis- 
Top 1,600  iron. 

Bottom 366  iron. 

3d.  We  heated  very  hot  and  kept  melted  some  time — 

Copper 96 

Rivets 6 

The  metal  appeared  very  homogeneous.  Its  density,  taken  at  two 
different  points,  gave — 

8.881 
8.876 
The  matter  is  easUy  forged,  stretches  and  coils  u]K)n  itself.    It  rolls 
with  such  facility  that  without  annealing  a  bar  of  it  can  be  reduced  from 
a  thickness  of  9  millimeters  to  that  of  1  millimeter.    Its  tenacity  ex- 
ceeds that  of  copper. 

Examining  with  a  magnifying-glass  the  plates  1  millimeter  in  thick- 
ness mentioned  above,  gray  spote  may  be  seen  at  certain  points,  but 
analysis  of  these  points  shows  no  material  difference  between  them  and 
other  portions.    There  was  found — 

Iron 6.383  6.285  5.236 

This  substance  made  very  hot  in  the  crucible  gives  a  button  in  which 
there  remains  only — 

Iron 0.167  per  cent. 

*  Percy,  Metdllurgiey  t.  ▼,  pp.  69  and  72. 

H.  Ex.  98 86 
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4tih.  These  two  metals  were  alloyed  in  rariable  proportions,  melted  in 
eartliGEn  tabes  15  centimeters  in  length,  and  after  being  kept  mtee  hours 
in  fiision,  were  left  to  cool  slowly. 


■ 

Iipu.  ptr  oonft. 

Topof^tr.   : 

BottdWOflMK. 

JHmtiW' 

1 

19LMS 

9.390 
&876 
4.019 
4.296 
9.950 

4546 

3L6af> 
3.699 
49W 
4986 
9.600 

ae36to6L771 

9 

3 

4 

5 

&865 

6 

The  length  of  the  ingot  was  from  6  to  8  centimeters.  The  metal  con- 
taining 4.5  per  cent,  of  iron  appearing  homogeneous,  soma  expenments 
were  made  upon  it  comparable  to  those  which  were  made  on  copper. 


DeusKty. 

L 


Table  35. 


Melted  metal 8.879 

Metal  affcer  tempering 8.874 

Metal  after  rolling * 8.864 

Metal  afber  tempering 6.878 

Metal  after  rolling .• 8.887 

Metal  after  tempering 8.884 

Metal  after  rolling 8.8ft< 

Metal  after  tempering... 8.880 

Densi^. 

II. 

P*Be9i'.48L 


Metal  after  rolling , 8.891 

Metal  after  anneauug 8.892 

Metal  after  rolling 8.894 

Metal  after  annealing 8.894 

Metal  after  rolling 8.896 

Metal  after  anneimng 8.894 


Ferrous  copper  acts,  then,  like  copper  exposed  to  the  air  during  re- 
heating, or  like  steel.  The  action  of  heat  ^temating  with  the  rolling 
restores  it  evidently  to  the  same  volume. 

The  ferruginous  copper  is  not  permeable  to  liquids.  This  metal  is  not, 
however,  a  homogeneous  alloy,  for  after  being  reheated  at  a  very  high 
temperature  for  three  hours  and  a  half,  the  solidified  ingot  gave  upon 
analysis — 

Top.         Bottom. 
Iron,  per  cent 6.50  4.00 

However,  as  it  had  shown  a  tenacity  incomparably  greater  than  that 
«f  copper,  the  following  experiments  were  made  with  a  view  to  determin- 
JODtg  the  mechanical  properties  : 
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Tabub  36. 

Elongations  in  millimeters  corresponding  to  loads  in  Jdlogi^ams, 


KaiM  of  MotaU. 

■ 

•    V   •    ■ 

ii 

600 

l»000 

1,100 

1,800 

1,300 

1,400 

1,500 

1,600 

1.700 

1 

Ootyper  of  oottiliMoo,  tmMM.  . . 
C^DDer  of  oommetoo.  roUod .... 

94 
95 
111 
96 
98 
98 
9T 
97 
81.5 
89 
88 
90 

0 

0.5 

1.85 

8.5 

0.85 

0.85 

1 

0.5 

3.0 

&0 

0.85 

0.85 

3 

0.5 

4.5 

if) 
0.85 
0.85 

5 

0.5 

5.5 

0.5 
0.0 

0.5 

0.5 

...... 

0.5 

0.5 

Para  coDDor.  meltod 

Pim  ooDDer.  moltoA. 

Ck>pper  aod  itod,  melted 

Copper  and  Iron,  melted 

Copper  and  Iron,  melted 

Copper  and  iron,  melted 

Pare  oopper,  roQed 

Pare  oopper.  rolled 

8 
3 

4.5 
4.5 

■    •   V   • 

0.85 
0.85 

0.75 
0.50 

1.5 
8.0 

3.5 
.^0 

^l 

"i'i 

^ 

••■... 

\ 

10 

.■■...  ...... 

.  ... 

^^^■M 

11 

Copper  and  iron,  rolled 

Copper  aDd  iron,  rolled 

4.5 
4.5 

"  1  ""•" 

...... 

18 

1 

i 

1 

2r ame  of  MetaU. 

i 

II 

1,800 

1,900 

\ 

1 

1 

3,900 

3.3003,400 

3,500 

8,6008,100 

8,800 

1 

Copper  of  oommeroe,  melted. 
CoDDorof  commeroe.  rolled. . 

8 

0.5 

0.5 

1 

1.5 

8.5 

4.5 

5l5 



3 

Pore  oopper,  melted 



4 

Pare  oopper.  melted 

5 

Copper  and  iron,  melted 

Copper  aod  Iron,  melted 

Copper  and  Iron,  melted 

Copper  and  Iron,  melted 

Pore  oopper.  rolled.... 

8 
8 

4.5 
4.5 

I 

.     .  1        . 

.....l..aaB 

a 

i  4.5 

1 

5.5 
0.85 

7  0     »  "^ 

10.0 

18.5 

15.0 



7 

15 

(§) 

..... 



8 

1 

0,85 

Lo'j  i'so 

i75  8.5 

40 

9 

0.85 
0.5 
. .... 

0.85 
L5 

8.0 

3.0 

4.0 

4.5 

a75 

19.0 

10 

Pare  oopoer.  rolled. 

••..-• 

A.0  !i«.A0 

1 

11 

CoDDer  and  iron,  rolled 

4  t 

•  «  •  ■ 

^   1 

18  1 

Cooper  asd  iron,  rolled .....  1  ^^ 

1 

I 

i 

Name  of  If  etala. 


t 
At 


3 
4 

6 

7 

8 

9 

10 

11 

12 


t 

i 


3,900 


3,000 


Copper  of  commerce, 

melted 

Copper  of  commerce, 

rolled 

Pare  oopper,  melted . 
Pare  copper,  melted  . 
Copper  and  iroti,melted  9 
Copper  and  iron.melted  8 
Copper  and  iron,mel  ted  4.5 
Copper  and  iron,melted|  4.5  * 
Pare  copper,  rolled. . . .j  — 
Pate  oopper, rolled...  I  — 
Copper  and  iron,  rolled:  4.5 
Copper  and  iron,  rolled 


4.5 


3,  lOO^S,  900)3, 300  3, 1003. 500 


0.85,  0.5 


3,600 


I 


'I' 


0.5 


1.0 
0.35 


8.5 
0.75 


i- 


8.5 
1.5 


4.75 
3.5 


9.0 


1 

I 


Kihg. 


8.300^ 

1,300 

1,000 


3,400 


3,890 
8,300 
3,300 
3,500 
3.600 


ti 


Kikg. 


1 
5 


94.910^ 

11.711 

10.904 


36.086 


96.865 
3&990 
95.848 
39.778 
40.000 


8.039 


8.879 
&904 

iiii 


*  The  assay  was  arrested  because  a  blowhole  was  formed  in  the  sample. 

tThe  broken  section  presents  blowholes. 

!  At  1,600  kilojcrams  one  lag  of  the  piece  was  broken. 

§The  sample  broke  withoatthe  two  pieces  being  entirely  separated. 

Unn.d«0Aim.«tdsP*w«.,4«m«,t.  XXX,  Nov..  1873,26.)    ^,      ^  ,        ._,  v  ^    ^         .-.--..       t* 

OBSBBVATtbK.— The  melted  oopper  (Nos.  1,3.4)  contains  blowholes  which  destroy  its  tenacity.  It 
-elongates  under  light  loads,  and  breaks,  also,  ander  a  small  load.  The  copper  aoqaires  acertain  tena^ty 
by  rolling.  While  the  resistance  of  melted  copper  is  from  10  to  Ii  kilograms  per  square  millimeter, 
that  of  the  same  copper  attains,  by  rolling.  35  to  38  kilograms.  The  dactility  is  less,  and  the  elonga- 
tton  beoomes  no  longer  evident  under  loads  of  1,j?00  kilograms.  ,      ,    ,  ...       *  au 

The  introduction  of  iron  into  the  oopper  leads  to  great  changes  in  the  mechanical  properties  or  the 

UMtal  * 

let.  If  the  metal  has  been  simply  melted,  it  retains  its  ductility  and  elongates  under  light  loads, 
especially  when  the  quantity  of  iron  exci^eds  3  per  cent.  Its  resistance  attains  to  that  of  copper 
which,  by  rolling,  has  been  rwiuoed  to  half  its  thickness.  .,      .,         .*  , «« 

8d.  If  the  metal  has  been  rolled  its  ducUllty  is  small,  but  it  preienU  a  considerable  resistance  of  39 
to  40  kilograms  per  square  millimeter. 
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These  experiments  were  made  on  bars  of  2  kilograms  weight  prepared 
and  cast  with  care,  then  cut  and  worked  so  as  to  give  them  the  follow- 
ing form  : 

In  order  to  determine  the  resistance,  this  piece  was 
firmly  fastened  to  the  building  by  an  iron  fork  fitted  to 
A.  Another  fork  placed  in  B  was  fixed  to  a  bar  form- 
ing a  lever,  at  the  other  end  of  which  was  placed  a  table 
on  which  were  the  weights.  The  experiments  were 
made  at  the  works  of  Graffenstaden  under  the  direc- 
tion of  M.  Brauer. 

This  great  strength  of  copi>er  containing  iron  should 
not  be  attributed  to  the  density  of  the  material,  for  the 
alloyed  copper  which  presented  the  greatest  resistance 
had  a  density  of  8.891 ;  that  is  to  say,  less  than  that  of 
pure  rolled  copper,  which  was  8.904." 

With  the  exception  of  the  metal  bearing  the  numbers 
1  and  2,  all  these  samples  were  melted  with  the  same 
copper,  rolled  to  the  same  point  by  the  same  workman, 
and,  in  short,  treated  in  precisely  "the  same  way. 

The  hardness  of  copper  melted,  rolled,  and  alloyed 
with  iron  presents  differences  of  the  same  sort.  We 
give  here  the  results  which  were  obtained  with  the 
Magna  apparatus. 

Depth  of  the  impressions  produced  by  the  same 
blow: 


B 

I 

I 
I 

I 
I 

I 


O^ 


Copper  melted 2.50 

Copper  rolled.... 1.50 

Copper  alloyed  with  3  per  cent,  of  cast  iron 1.10 

Copper  aUoyed  with  3  per  cent,  of  roUed  iron 0.90 

Upon  the  whole,  the  introduction  of  trifling  quantities  of  iron  into  the 
copper  destroys  its  great  softness  and  porosity,  and  considerably  in- 
creases its  tenacity  and  hardness,  without  destroying  its  malleability. 

M.  Boblerre,  in  order  to  obtain  some  idea  of  the  resistance  of  different 
metals  to  corrosion,  plunged  some  into  water  containing  alum,  salt,  and 
cream  of  tartar.  I  placed  in  this  liquid  two  i)lates  of  equal  dimensions, 
one  of  pure  copper,  tlie  other  of  coi)i)er  alloyed  with  2  per  cent,  of  in>n. 
The  copper  plate  was  affected  more  quirkly  than  the  other,  and  espe- 
cially was  the  i)ortion  of  copper  dissolved  very  strong. 

The  liquor  obtained  with  ferrous  copper  is  green  instead  of  bhie. 

At  the  end  of  live  days,  iu  operating  upon  two  plates  of  the  same 
size,  weij^liing  about  15  gninunes,  the  i)late  of  copper  was  found  to  have 
lost  three  deei^ranis  more  than  the  i>late  of  ferrous  copi)er. 

§  Vn.     ALLOYS    OF    COPPER  AXl)    ZTSC. 

The  zinc  which  T  used  had  been  purified  by  two  distillations  in  the 
laboratory  of  the  ''  Soeiete  de  la  yielUeMontiujne^'^  which  generously  placed 
it  at  my  disposal.  »« n  ^-.^^ 

I  undertook  the  study  of  the  various  physical  properties  of  the.se 
bodies,  as  I  did  of  the  alloys  of  cox>x>er  and  tin,  but  I  was  obliged  to 
give  up  the  examination  of  the  fusibility  and  liquation,  because  the 
place  where  I  had  specially  i>repared  for  this  work  at  the  mint  was  not 
left  at  my  disx>osal. 

I  have  nothing  special  to  say  on  the  subject  of  their  hardness ;  it  in- 
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creases  from  the  alloy  90  of  copper  to  that  which  contains  equal  weight* 
of  copper  and  of  zinc,  Zn  Cu. 

The  alloy  Zn^  Cu^  and  the  aUoy  Zn^  Cu  are  extremely  fragile  and 
break  at  the  first  shock  of  the  apparatus  described  before,  and  the  oth- 
ers, containing  more  zinc,  crack  after  a  few  blows. 

The  density  was  determined,  first,  of  some  ingots  weighing  from  60  to 
100  grammes,  then,  on  account  of  tne  greatly  differing  texture  of  these 
alloys,  filings  of  them  were  operated  upon  with  the  greatest  possible 
care.  But  it  is  difficult  even  by  a  sustained  vacuimi  to  eliminate  all  the 
bubbles  of  air,  and  I  was  ali^id  to  heat  the  filings  several  times  in 
water  in  order  to  secure  the  expulsion  of  the  air,  because  water  is  attacked 
by  zinc  and  the  alloys  rich  in  this  metal;  and,  lastly,  the  volatility  of 
zinc  makes  it  difficult  to  prepare  the  alloys  in  exactly  atomic  proportions. 

I  give  here,  with  these  reservations,  the  results  obtained: 

Table  37. 


I 

o 
S 

a 


Ztt'Ca., 
Zii«Co. 

Zii*Ca. 
Zn'Cas 

Zn  Ca  . 

Zn»  Cu» 
ZnCas. 
Zn  Ca*. 
ZnCa«- 

Zn  Ca"» 

Copper. 
Zinc . . . 


I- 


S 


a 

I 

s 

I 

•a 

a 


(Zq  89.18) 
>  Cn  10. 82  5  I 
<  Zq  80. 48  } ' 
)  Ca  19. 58  5  ; 

(  Zn  67. 34  ) 
iCa  3S.66  3 


CZd  60.73 
)  Ca  39. 87 


\ 


Zn  50.76) 
Ca  49.23  3 


89.90 
79.30 

64.80 


^Zn 
)Ca 
<Zn 
{Ca 
<Zn 
iCw 
<Zn 
)Ca 
CZn 


40.  74  ^ 
59. 26  5 
34.02) 
65. 98  5 
20.49) 
79.  51  5 
14.  66  I 
85. 34  i 
9.35) 
90.  65  5 


Experimental  den- 
Bity  powder. 


Average. 
7. 383-7. 248      7. 315 

7. 920-7. 807      7. 883 

S  8.  015-8. 075  )   a  n^a 

{aoi8-ao90  5  *"*^ 


«>^5  ll:§'7tl'^}«i" 

«'«>!{I:^?1§?J|8.304 

40.10  '    8.389-8.266      8.329 

34. 50       8. 351-8.  430      8. 390 

I 
21.  80       8. 385-8. 349      8. 367 

14.  90       8.  739-8.  429      8.  584 

9.  60         8.  900-8.  767      8. 834 


§1 


7.309 
7.215 

7.796 
8.039 

8.963 

8.412 
8.410 
a  638 
8.710 
8.753 


a 
« 


0 

u 

3 


JO  e  • 

la'    S 


7.351 

7.478 

7.679 

7.783 

7.947 

8.119 
8.345 

8.489 
8.602 
8.707 


Material  gray,  like  zinc 

(  Material  gray,  like  ) 
)     fibroas.  > 

C  Metal  of  the  tint  of) 

<  antimony,  polver-S 
i    izable.  5 

Brilliant  metal,  re- 1 
semblbigbismdth; ! 
less  Atkgile   than  ( 
the  preceding.        J 
(Material  with  lon^S 

<  fibers  of  a  beaati-  > 
(  fal  golden  yellow.  ) 
(  Less  yellow  than  tbe ) 
)  preceding.  > 
I  Brass,  ordinary  yel- ) 
\     low  copper.  ) 


.do. 


C  Substance       resem-  ) 
I    blinggold;  siuiilar.  5  i 


1. 75"». 
Breaks. 


Do. 


Do. 


1.40> 


2.30 
3,  £5 

3.50 

2.  no 


i  5 
.  3.25 


We  see  by  exaniiuing  this  table  that  the  contraction  of  the  two  met- 
als in  these  alloys  is  considerable  from  the  second  to  the  sixth:  it  seems 
to  be  at  its  maximum  in  the  neighborhood  of  the  alloy  Zn^  Cu^,  which  is 
also  remarkable  like  the  preceding  one  in  that  it  possesses  none  of  the 
physical  and  mechanical  properties  which  are  utilized  in  the  metals. 
They  are  eminently  crystalline  and  fragile,  and  appear  to  be  in  the 
series  of  these  alloys  what  the  alloys  Sn  Cu^  and  Sn  Cu*  are  in  the  alloys 
of  copper  and  tin.  The  theoretical  density  has  been  calculated  with  the 
number  7.20  that  I  found  to  be  the  average  of  four  concordant  determi- 
nations on  metallic  zinc.  Afterward  the  action  that  tempering,  anneal- 
ing, and  rolling  exert  on  the  principal  brasses  utilized  in  manufacture 
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iras  determined ;  dj  yellow  bi^ass  containing  65  parts  copper  and  85  £kie; 
b,  metal  of  97  parts  copper  and  9  zinc. 

1.  Alternate  tempering  and  ahnenUinff. 

a*  Brass. 

Tabl^:  38. 


After  roIliiiK.... 
After  Anneuiiif;. 
After  tempering 
After  anneiding. 
After  tempering 
After  annealing 


After  rolling.... 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 


Dttuitf, 


I. 

77«'.07l. 


a407 

a4oe 
a  419 

a405 

a  417 
a  410 


P>-aar.S7L 


a40< 
a  413 
a  419 

a  415 
a  418 
a  414 


Dendlty. 


ni. 

IV. 

P«80r.782. 

p»e9r.on. 

a409 

a  417 

8.406 

a  411 

a  401 

a4oo 

a  417 

a  413 

a  407 

a  411 

a  431 

a434 

h.  Similar. 


Table  39. 


Density. 

I.           * 
P  =  09r.58S.    1 

p> 

n. 

:«!Ms'.68a 

a8it 
a8U 
a  818 

a  818      ' 
a8i» 
a  814 

a  817 

a  819 

a  814 

a  814 

a  815 

asH 

After  rolling 

After  tempering . 
After  annealing.. 
After  tempering.. 
After  annealing  . 
After  tempering. 


After  rolling 

After  annealing 
After  tempering 
After  annealing. 
After  tempering 
After  anneaUng. 


Benaity. 

111. 
P  =  d4if'.805.  ■ 

p  = 

IV. 

=  99r.909. 

a  818 

a  813 
a  818 
a  810 
a  814 
a  815 

a  818 

a  817 

a  816 

a  818 

a  813 

asMi 

Thus  tempering  increases  the  density  of  annealed  brass,  a.    These  two 
operations  do  not  cause  any  apparent  modifications  in  the  volume  of  i. 
2.  Alternate  annealing  or  tempering  and  rolling. 
a.  Brass. 
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TaIU^  40, 


AiUrrolUng — 
4  fWr  tempering 
After  rollmg.... 
After  tomperiDg 

After  rolling 

After  tempering 

After  rolluig 

After  tempering 
After  roUing.... 
After  tempwing 


Beiurity. 


I. 

II. 

P:sfi^.9f6. 

p=a«w.4i7. 

&4ia 

a  410 

&4U 

d.AXi 

&4t5 

6.431 

a  497 

a443 

a436 

&433 

a436 

H.43B 

a  444 

6.437 

a437 

&430 

a437 

8.445 

a  443 

After  rolling.... 
After  annexing 
After  rolling.... 
After  annealing 
After  zolliDff.... 
After  anaec^g 

After  rolling 

After  annealing 
After  rolling.... 
After  anneiuing 


J>eiwiiy. 


III. 

IV. 

P=76i'.4I9. 

P =90^.179. 

a  408 

a  411 

a  411 

a  415 

a  417 

&419 

a409 

a  417 

a  494 

a  497 

a388 

a409 

8. 495 

a439 

a  414 

a  494 

a437 

a  449 

a  491 

a  430 

Tabo:  41. 


After 
After 
After 
After 
After 
After 
After 
After 
After 
After 


rolling 

tempering 
rolling  — 
tempering 
rolling — 
tempering 
rolling.... 
tempering 

rolling 

tempering 


Density. 


I. 
P=92«'.848. 


a  819 
a  818 
a  813 
a  817 

aHi9 
a  817 
a  818 
a  811 

a  899 

a  817 


II. 

P=94«'.365. 


a  890 
a890 

a  814 
a  819 
a  818 
a  817 
a  816 
a  819 
a  811 
a  819 


DeoaitF* 


ni. 

P  =  87r.56«. 


After  rolling.... 
After  annealing 
Aileriolling.... 
After  annealing 

After  rolling 

After  annealing 

After  rolling 

After  annealing 
After  rolling..., 
After  annealing 


afil9 

a  817 
a  616 

a899 

a  818 
a  810 
a  615 
a  813 

a  819 

a806 


IV. 
P  =  93^.566. 


agio 

a  819 

a  817 
a  616 
a  618 
aaio 

&818 

a  819 

a890 
a808 
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In  these  experiments  the  thicknesB  was  reduced  from  20  millimeters 
to  2.  It  is  shown  by  these  numbers  that  the  density  of  brass  is  dimin- 
ished by  annealing  while  it  is  increased  by  rolling,  and  that  the  density 
after  a  long  series  of  operations  varies  but  little.  The  densit^^  is  increased 
still  more  by  tempering.  It  is  said  by  the  experienced  that  annealing  is 
preferable  to  tempering  in  working  with  brass. 

Metal  b  (similar)  shows  no  material  variation  in  its  volume  after  these 
prolonged  operations,  and  after  a  considerable  thinning.  The  same 
thing  is  true  in  regard  to  aluminium  bronze,  which,  like  the  metal  6,  is 
capable  of  being  worked  to  a  remarkable  degree. 

§  VIII.    BRONZES   OF  ALUMINIUM. 

Alloy  of  copper  and  nickel. 

The  bronzes  came  from  P.  Mouri  &  Go's. 
l«f.  a.  Bronze  tcith  10  per  cent,  of  aluminium. 

Table  42. 


After 

After 
After 
After 
After 
After 
After 
After 


CMting  — 

tempering 

anneAliog. 

tempering 

Mine«Iing. 

impact.... 

tempering 

impact..... 


Density. 


I  P^ 


L 

IL 

P=:190r.568. 

p— laoj'.ais. 

7.105 

7.704 

7.T06 

7.704 

7,706 

7.703 

7.707 

7.707 

7.703 

7.704 

7.703 

7.70i 

7.701 

7.7QS 

7.6W 

7.703 

b.  Bronze  with  5  per  cent,  of  aluminium. 


Table  43. 


After  casting  . . . 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  impact.... 
After  tempering 
After  impact.... 


Density. 


P  = 


L 
l&0r.575. 


&SS8 

&3S9 
8.S55 
&SS7 
8.S57 
H.)i64 
8.363 
8.983 


II. 
P  =  139«^.101. 


&«I9 

aS59 

aaes 

8.263 
&868 
8.264 

8.964 
&365 


Tempering,  annealing,  and  mechanical  action  produce  no  noticeable 
variation  in  the  volume  of  these  alloys,  of  which  the  workmg  is  very 
regular. 

2d.  Alloy  of  copper  50,  zinc  30,  nickel  20,  u^ed  in  the  manufacture  of  coin 
for  the  Honduras. 
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Table  44. 


After  oasUng ... 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 


Density. 


P  = 


L 
99c.l79i 


8.538 

&989 

asM 

e.'509 
&510 


n. 
p^esr.Tao. 


&53» 
&5M 

asao 
a0O4 
asM 


Density. 

m. 

P»110r.904. 

After  casting • 8.505 

After  Btriking - 8.586 

After  annealing 8.556 

After  striking 8.589 

After  tempenngr 8.577 

After  striking 8.589 

Density  which  is  increased  by  mechanical  action  is  diminished  by  the 
action  of  heat. 

§IX.    SOFT   IRON.— CAST   lEOK.— GLASS. 

1st.  Soft  iron, — The  metal  was  of  good  iron  having  the  form  of  a  par- 
allelopiped.  It  was  heated  in  a  porcelain  tube  in  the  midst  of  a  current 
of  dry  hydrogen.    The  annealing  continued  for  two  or  three  hours. 

Table  45. 


Density. 


L 
Pz=75«MlO. 


IL 

P  =  Mr.990. 


After  filing 

Afl«r  annealing 

After  tempering 

After  annealing 

After  impact 

Aft»r  annealing 

After  impact 

After  annealing 

After  impact 

After  repeated  imiiact 


7.858 

7.853 
7. 893 
7.854 
7.845 
7.845 
7.842 
7.841 
7.843 
7.844 


7.849 
7.850 
7.845 
7.849 
7.849 
7.845 
7.841 
7.841 
7.844 
7.847 


After  filing 

After  tempering 

Aiter  annealing 

After  tempering 

After  impact 

After  annealing — 

After  impact 

After  anneaUng 

After  impact 

After  repeated  impact 


Density. 


HL 

IV. 

P  =  75*^.110. 

P«54r.990. 

7.853 

7.8S9 

7.846 

7.848 

7.  aw 

7.853 

7.850 

7.851 

7.847 

7.847 

7.840 

7.846 

7.845 

7.844 

7.843 

7.844 

7.847 

7.848 

7.846 

7.850 

H.  Ex.  9%- 


^7 
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2d.  Gray  ca^t  iron — its  pertneoMlitg  to  liquids, — It  was  impossible  to 
determine  the  variations  in  volume  which  gray  cast  iron  undergoes  when 
tempered  or  annealed,  because  it  is  permeable  to  liquids.  This  porosity 
is  very  great,  whether  the  metal  be  heated  in  coal  dust  or  exposed  to  the 
air  during  the  operation. 

a.  Cast  iron  reheated  in  coal : 

Table  46. 


After  Bonealing. 
After  tempering 
After  annealing. 


Denaity. 


1. 


7.0d9 
7.03S 
6.844 


II. 


7.098 
7.040 
6.914 


in. 


7.114 
7.039 
6.933 


IV. 


7.080 
7.019 
6.914 


My  attention  having  been  called  to  the  great  diminution  in  density,  I 
weighed  the  samples^  and  ascertained  that  their  weights  increase  con- 
siderably in  water  under  the  ordinary  pressure.    Thus  they  weighed — 


Or. 

Aft-er  the  preceding  annealing 75. 512 

And  after  20  minutes  in  water 75. 585 


Gain  in  weight 0.073 


Or. 

75.668 
76.770 

0.102 


Gr.  Gr. 

70. 191  73. 134 

70. 265  Not  weighed. 


0.074 


The  following  table  shows  that  this  increase  in  weight  takes  place 
with  non-ojcygenized  Uquidfi  like  benzi^e,  and  tkat  it  is  due  simply  to  the 
absorption  of  the  hquid,  for  by  merely  being  exposed  to  the  air  cast^ 
iron  regains  its  original  weight. 


Table  47. 


Gr. 


Weight  of  a  sample  of  fine  gray  steel  annealed  in  coal 64. 987 

Weight  of  this  sample  after  20  honrs'  immersion  in  benzine  ....  65. 018 

Weight  of  this  sample  after  24  hours  in  the  air 64.940 

Weight  of  this  sample  after  a  second  annealing  of  3  hours 64. 996 

Weight  of  this  sample  after  3  hotirs^  immersion  in  benzine 65. 110 

Weight  of  this  sample  after  24  hours  in  th«  air 65. 001 

Weight  of  this  sample  after  a  third  annealing  of  3  hours 65. 100 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine  ....  65. 275 

Weight  of  this  sample  after  24  hours  in  the  air 65. 103 


iffb 


Gain  in  weisbt 
of  the  liqai 


0.081 


0.114 


0.175 


Cast  iron,  known  to  be  porous,  was  filed  to  a  thickness  of  1  millime- 
ter over  the  whole  surface,  then  immersed  in  benzine.  The  i)ermeability 
was  restored  in  the  inner  layers. 

A  third  series  of  experiments  was  made  in  order  to  determine  the 
effect  of  annealing  and  tempering  on  this  porosity,  and  the  results  are 
here  given : 

Table  48. 


Gr. 


Weight  of  a  sample  of  tempered  cast  iron 70. 215 

Weight  of  a  sample  after  a  half  hour  in  benzine 70.270 

Weight  of  a  sample  after  48  hours  in  the  air 70.214 

Weight  of  a  sample  after  24  hours  in  benzine 70.311 


Gun  in 

weiffht. 


0.055 


0.095 
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Gr. 

Weight  of  a  sample  after  48  hours  in  the  ai r 70. 216 

It  was  thoroughly  annealed. 

Weight  in  the  air 70.304 

Weight  after  18  hours  in  benzine ; 70. 395 

Weight  after  48  hours  in  the  air 70.  30H 

Weight  of  a  sample  of  annealed  cant  iron 75. 7'Xi 

Weight  of  same  after  half  au  hour  in  ])euzi ne 75. 820 

Weight  of  same  aft-er  48  hours  in  air 75. 735 

Weight  of  same  aft«r  24  hours  in  benzine 75. 875 

Weight  of  same  aft«r  48  hours  in  air 75. 735 

It  was  tempered  hard. 

Weight  in  the  air 75.761 

Weight  after  18  hours  in  benzine 75. 893 

Weight  aft«r48  hours  in  air 75.758 

h.  Cast  iron  reheated  in  a  crucible  placed  in  the  muffle. 


Gain  in 
■weight. 


Weight  of 
Weight  of 

Weight  of 

Weight  of 

miifiQe  .. 

Weight  of 


Table  49. 

a  sample  of  fine  gray  cast  iron  annealed  in  the  open  air  . .  63. 652 

this  sample  after  an  immersion  of  20  horn's  in  benzine ....  63. 830 

this  sample  after  beiiig  exposed  to  the  air  for  34  hours ....  63. 755 
this  sample  after  a  second  annealing  q£  3  horns  in  t]ie 

eO.362 

this  sample  after  90  hours'  immersion  in  keuzine 60. 4  93 


Weight  of 
Weight  of 
Weight  of 


this  sample  after  2^  hours' exposure  to  the  air 60. 362 

this  sample  after  a  third  annealing  in  the  mufile 55, 523 

this  sample  after  20  hours'  immersion  in  benzine 55. 700 


Weigk^  of  this  sample  after  24  hours'  exposure  to  i^  air 55. 525 


0.091 

0.087 
0.140 


0.1.32 


0.078 


0.131 


0.177 


Sied,  soft  iron,  brass,  and  bronze  nnder  tibie  saw^  conditions  do  J¥>^ 
vaiyin  weight. 

3d^  €Hass  and  crystal. — ^MM.  Chevandrier  and  WertU^iin  bave  shown* 
that  annealing  increases  the  desusity  Qf  glass  aod  crystal.  I  made  sooie 
exi)eriments  on  these  materials  as  limits  of  compression  in  order  to  de* 
termine  whether  the  alternate  action  of  tempering  and  anneajin^  affects 
this  density.  I  found  that  tempering  materially  diwnishes  tjiis  density, 
while  ajBinealing  tempered  glass  increases  it,  and  reciprocally. 

Tablb  50. 


Crystal  qfM,  Maea. 
8ampl<«  weigbiDf  Arom  11  to  180  graminM. 


DoDsity. 

• 

jA  f^v  ■■"■♦Millo  jf 

3.110 
3.104 
3.108 
3.103 

3.111 
3.103 
3.103 
3wl00 

3.  no 

3. 104 
3.101 
3.107 

3.110 

3.1U) 

The  name  not  uinflalfMl 

Tbe  same  tempered 

aOO0 
3.106 

TbffM  iftft- AQoealed 

*  MM.  ChevAndrier  and  Werthelm,  Ann.  de  Chim.  et  de  Phya.y  3  sdrie,  t.  :(ix,  p.  137. 
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Flint  of  M.  Feil 
SftniplM  weighed  60  to  70  grammep. 


Density, 


After  annealiniit- 
After  tempering 

After  temperiog 
After  annealing. 


Crmon  of  M,  Ftih 


Density 


After  annealing .; 

After  tempering j 

After  tempering 

After  annealing 


S.54S 

Broke. 


b£su:»:^. 


Ist.  The  alloys  of  copper  and  tin  prepared  in  atomic  proportions  ex- 
hibit a  sensible  liquation  with  the  exception  of  those  which  correspond 
.to  the  formulsB  Sn  Cu'  and  Sn  Cu*.  This  liquation,  slight  from  the  alloy 
Sn  Gu^,  increases  in  the  alloys  which  differ  from  it  in  their  composition^ 
but  it  is  especially  great  in  the  alloys  containing  a  large  proportion  of 
tin.  By  reason  of  this  fact  it  has  been  impossible  to  determine  the  fusi- 
bility of  any  except  the  two  alloys  given  above  (§  I). 

2d.  The  alloy  Sn  Cu^  is  characterized  by  special  proi)erties.  It  has  a 
different  color  from  the  others ;  it  is  pulverizable ;  it  exhibits  no  sensible 
liquation,  and  it  is  of  all  the  various  alloys  of  copper  and  tin,  the  one  in 
which  the  contraction  is  at  its  maximum.  It  is,  then,  the  homogeneous 
alloy  of  copper  and  tin,  as  the  alloy  Ag^  Cu*  is  the  homogeneous  alloy  of 
copper  and  silver.  In  paragraph  II  is  given  the  density  of  the  principal 
,  alloys  of  copper  and  tin  prepared  in  atomic  proportions.  An  idea  of 
their  hardness  is  given  in  the  following  paragraph. 

3d.  The  bronzes  rich  in  tin  (18  to  22  per  cent.)  increase  in  density  with 
tempering :  and  annealing  lessens  the  density  of  tempered  bronze,  but 
in  a  less  proportion.  The  density  is  considerably  increased  by  the  alter- 
nate action  of  tempering  and  annealing,  and  of  the  press.  These  effects, 
the  reverse  of  those  in  steel,  coincide  with  the  fact  that  tempering  softens 
bronze  while  it  hardens  steel  (§  IV). 

4th.  This  softening,  discovered  by  D'Arcet,  is  not  sufficient  to  allow 
of  this  bronze  being  worked  cold  for  industrial  purposes.  It  was  shown 
n  paragraph  lY  that  this  metal — extremely  hard  when  cold  and  pulver- 
izable at  red  heat— is  forged  and  ix)lled  at  dark  red  heat  with  remarkable 
facility.  This  fact  enabl^  me,  in  common  with  M.  Champion,  to  succeed 
in  the  manufacture  of  tamtams,  and  other  sonorous  instruments^  by  the 
method  followed  in  the  East. 

5th.  Tempering  produced  no  apparent  softening  in  the  bronzes  less  rich 
in  tin  (12  to  6  per  cent.) ;  and  if  they  are  tempeml  for  industrial  uses  it 
is  more  especially  in  order  to  detach  the  oxide  produced  during  the  reheat- 
ing of  the  matter  in  the  course  of  the  operations  (§  YI). 

6th.  It  was  found  that  in  the  axis  of  a  cannon,  and  especially  toward 
the  muzzle,  there  are  some  parts  very  rich  in  tin  and  in  zinc    Yet  the- 
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asis  ia  less  rloli  in  tin  than  the  periphery.    The  density  does  not  increase 
from  the  mnwle  to  the  breeoh. 

7th.  Bronzes  of  3  and  4  per  cent,  oi  tin  possess  some  great  advantages 
and  no  important  disadvantages,  when  used  in  the  manufacture  of  med- 
als. 

8th,  The  density  of  copper  (§  VI),  subjected  alternately  to  mechanical 
actioii,  then  to  tampering  or  annealing,  displays  inverse  variations  accord- 
ing as  it  is  exposed  to  the  air  or  sheltered  from  it  during  the  reheating; 
while  in  the  first  case  the  mechanical  action  increases  the  density,  in 
the  second  mechanical  action  diminishes  the  density. 

9th.  Some  copper,  non-porous,  becomes  sufficiently  so  by -being  re- 
heated in  coal  dust  to  acquire  permeability  to  liquids  (§  YI). 

10th.  Intense  heat,  prolonged  rolling,  and  the  oxide  which  forms 
when  the  metal  is  exposed  to  the  air  during  reheating,  render  small 
quantities  of  iron  permeable  to  liquids. 

11th.  The  introduction  of  small  quantities  of  iron  into  the  copper 
gives  to  it  considerable  tenacity  without  destroying  its  ductility ;  while 
rolled  copper  offers  a  resistance  of  28  kilograms  per  square  millimeter, 
that  of  ferrous  copper  rolled  in  the  same  conditions  attains  to  40  kilo- 
grams.   The  hardness  increases  equally  (§  VI). 

12th.  The  alloys  of  copper  and  zinc  Zn^  Cu^,  Zn^  Cu,  are  brittle,  like 
the  bronzes  Sn  Cu^,  8n  Cu*;  they  have  none  of  the  physical  properties 
utilized  in  the  metals,  and  the  maximum  of  contraction  takes  place  near 
them  (§  Vn). 

13th.  Mechanical  action  increases  the  density  of  yellow  brass,  and 
this  effect  is  counteracted  in  part  by  tempering,  and  especially  by  anneal- 
ing. It  is  thought  that  annealing  is  preferable  to  temijering  in  working 
with  brass. 

14th.  Mechanical  action,  tempering,  and  annealing,  do  not  sensibly 
change  the  volume  of  similor  and  of  the  bronzes  of  aluminium,  alloys 
remarkable  for  the  facility  with  which  they  can  be  worked  (§  VIII). 

15th.  Gray  cast  iron  heated  in  coal  dust  or  even  in  an  empty  box 
surrounded  with  coal,  acquires  such  a  porosity  that  it  becomes  very  per- 
meable to  liquids  (§  IX). 

16th.  It  becomes  equally  porous  when  heated  in  an  empty  crucible 
placed  in  a  muffle,  and  when  the  sample  is  filed  in  order  to  remove  the 
oxide  which  is  formed.    Copper  is  not  porous  in  this  last  condition. 

17th.  I  attempted  to  determine  minutely  the  modifications  which  the 
density  undergoes  through  temi>ering,  annealing,  and  mechanical  action, 
repeated  alternately  a  certain  number  of  times,  and  the  effects  observed 
were  different.  While  mechanical  action  increases  the  density  of  the 
bronzes  rich  in  tin,  especially  (Table  8)  of  porous  copper  (Table  28),  of 
copper  alloyed  with  iron  (Table  35),  of  brass,  it  evidently  diminishes  the 
density  of  copper  exposed  to  the  au*  during  reheating  (Table  23),  and  it 
produces  no  noticeable  alteration  in  the  volume  of  similor  or  of  alumini- 
um bronze.  Tempering  produces  on  brass,  and  especially  on  the  bronzes 
rich  in  tin  previously  annealed,  an  increase  in  density  (Tables  5,  6,  and 
7)  contrary  to  what  takes  place  in  steel  (Table  11),  copper  (Tables  27  and 
28),  and  glass  (Table  50). 

It  will  be  perceived  that  tempering  diminishes  the  density  of  a  body, 
because  the  surface  cooled  before  the  center,  cannot  contract  freely  by 
reason  of  the  resistance  that  the  interior  parts  dilated  at  this  moment 
offer  to  contraction. 

Copper  and  tin  and  copper  and  zinc  contract  when  they  unite,  and 
for  the  rest,  the  alloys  formed  experience  large  liquation.  May  it  not  be 
possible  that  by  slow  cooling  a  part  of  the  copper  and  of  the  tin,  or  of 
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the  zinc  separates,  a  phenomenon  which  should  caose  a  diminution  in 
density,  and  which  cannot  take  place  when  the  coolings  is  sudden.  I  east 
endeavoring  to  clear  up  this  point  by  the  study  of  various  slight  chemi- 
cal  actions  on  these  alloys,  and  by  examining  the  modifications  which 
take  place  in  the  density  of  tne  alloys  formed  with  dilatation  of  the  metals 
which  constitute  them. 

I  may  be  allowed,  in  closing,  to  thank  M.  Dumas  and  M.  Poussierre, 
for  the  facilities  for  working  which  they  procured  for  me  at  the  mint 
where  these  researches  were  carried  on. 
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